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THE RTJGOSE VARIANT OE VIBRIOS 
P Bruce White 

National Institute Jot Medical Research, London 
(Prate I ) 

Amoxq the varinnt colonial forms noted by Balteanu (1926) in 
Ins study of cholera and El Tor vibrios was one to ulncli, from its 
corrugated growth-habit on agar, he gave the name “ rugose 
variant,” a form presumably corresponding to Baertlilem’s (1912, 
1918) variant II From a detailed description of the rugose 
variant Balteanu was probably deflooted by the fact that it proved 
unstable in culture his attention was ocoupied with a more stable 
“ opaque ” variant which is porhaps a cultural form of much the 
same genre 

During recent years the rugose variant has been indicated as 
the extreme rough form of vibrio culture and a considerable literature 
has grown up round this interpretation (eg Linton, Shnvastava 
and Mitra, 1934-35 , Lmton, Mitra and Mulhck, 1935-36 , Linton, 
Mitra and Seal, 1936-37 , Seal, 1936-37) From such an interpreta- 
tion, and from various conclusions based on it, I have briefly 
demurred (White, *1935, 1937) but it is desirable that the nature 
of the frequently encountered rugose culture should receive fuller 
consideration 

Of all the colonial types met with in vibrio oultures on agar, 
the rugose variant most invites photography , but though it has 
been often portrayed, published photographs hardly do justice to 
its fully developed peculiarity It is hoped that figs 1c and Id, 
representing rugose derivative colonies of V cholera; strain 
Rangoon S, remedy this defoct and obviate the necessity for 
elaborate description Typical smooth and rough colonies of the 
same strain, to which, on account of the part it has played in 
Jauict or pith— tol. xin 1 A 
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Dr R W Linton's studies, I have given special attention, are 
represented in figs la and lb respectively, for comparison. 

Another culture studied with particular care was the prob- 
lematical rugose strain “ Rangoon rough 2,” the S or R nature of 
which may be accepted as the specific issue Dunng the latter 
part of the research, single cell cultures of Rangoon S, of one of 
its rugose derivatives, and of Rangoon rough 2 have been received 
from Dr Linton and have been valuable in checking up observations. 

A comparison of relevant cultural features of typical smooth, 
rough and rugose cultures apphcable to V cholera and most other 
vibrios giown on agar is given in the accompanying table. 

The rugose type of colony is apt to appear at any time in 
platings of vibrio cultures, particularly perhaps ni platings of 
ageing peptone water cultures, and it is possible that peptone 
concentrations of the order of 5-10 per cent favour its development 
Such colonies often abound m platmgs of vibrios surviving specific 
bactencidal tests, a fact which suggests that the variants resist, 
or are protected agamst, activated immune serum Both S and R 
cultuies may assume this habit of growth 

Wliile the general character of selected rugose races is readily 
maintained by selection, there is perpetual reversion to the normal 
growth habit Sooner or later during incubation of a plate cultuie 
reverting outgrowths develop at the margins of the rugose colonies, 
the degree of reversion varying from culture to culture The 
instability of the rugose variant, contrasted with the stability of 
the ordinary R form, is in itself sufficient to render it improbable 
that rugosity is the culmination of roughness Rugose derivatives 
of S cultures l evert directly to the typical S foim, rugose derivatives 
of R cultures directly to the usual R form — another significant 
point 

It requires no great intuition to guess that the coherence of the 
rugose growth is not due to a special interlacing of cells as Seal 
(1936-37) has suggested, but to the fact that the cells are embedded 
in a glutinous intercellulai substance or capsular material 

In the microscopic demonstration of this condition I have 
found helpful smears made without the use of water, spread by 
the weep of a glass slide, flame-fixed and stained after the manner 
of Biss with gentian violet followed by’ copper sulphate solution. 

The early cultures (6-8 hours) of typical S V. cholera' and related 
vibrios so tieated show closely ranged vibrios of classic form lying 
in general parallel to the stroke of the slide, and a meagre faintly 
staining background of intercellular material : here and there may 
be found a deeply staining granule oi spherical element With 
further incubation the character of the culture as revealed by 
stained smears and moist preparations, changes : spherical forms, 
budded off terminally and laterally- from the vibrios in vast numbers. 



Normal S culture | Typical H culture Rugose culture (derived from S culture) 
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notwithstanding the negative observations of Seal (1935), sooner 
or later and increasingly become the dominant elements. It is 
■unnecessary here to discuss the origin and nature of the spherical 
buds m detail * pending effective remvestigation, I reject, as does 
Henrici (1925), the view' of Lohms (1922) and others that they are 
special reproductive cells (conidia, gonidia) , on the other hand 
I am disinclined to regard them all as involution forms, pure and 
simple, though many are doubtless pathological . there is on the 
whole some evidence to support the suggestion of Stamm (1914) 
that some of these spherical buds have a particular secretory 
function, tending to protect the culture against desiccation 

With the appearance of numerous spherical forms, the inter- 
cellular material of the ordinary S culture increases somewhat m 
quantity and in depth of staining, but though it may confer on the 
growth a certam slimmess m salt solution it, of course, remains 
freely “ soluble ” and does not prevent even dispersal of the cells 
In the R culture appearances are very similar to those m the 
noimal S culture save that in smears of the type referred to the 
vibrios tend to remain densely clustered and to be disposed without 
reference to the stroke — doubtless an expression of the dryness of 
the intercellular deposits, which as m the ordinary S culture are 
small m amount, show' no local accumulations and do not appreciably 
hinder dispersal of the culture in salt solution 

Setting aside the somewhat peculiar culture, Rangoon rough 2, 
for later consideration, it may be said that smears of the rugose 
cultuie convey the impression that there is a wider spacing of the 
units than in ordinary S and R cultures, and here and there, even 
in the young culture before spherical bodies appear in appreciable 
numbers are to be found structureless masses of intercellular 
matenal often taking the Hiss staimng with moderate intensity 
As the culture develops the masses of accumulated secretion seen 
in smeais become larger and more numerous and are usually found 
to contain or to be associated with clusters of deeply staimng 
spherical forms or vibrios A small centre of secretion of this 
type — a colony within the colony — is shown m fig 2 

When the rugose culture is ground in saline the vibrios are 
m variable part dispersed , if the temperature is raised to 55° C 
the proportionate dispersal is increased The undispersed residue 
collected by gentle centrifugation forms a mucinous mass. Smears 
of this material, fixed and stained, show cellular foci and sparsely 
distributed vibrios embedded m faintly staining secretion 

Despite the developrit it of large amounts of gelatinous or 
mucoid intercellular si. ..nal, in all the rugose cultures examined 
I have been unable ti> demonstrate with certainty m any save 
Rangoon rough 2 individual capsulation of the cells : the vibrios 
‘seemed to be set in a common zoogloea 


J0U11NAL Of P\THOLOC\— ■ \ OL MAI 


Plate I 


Kxjgose a imuos 



(«) (&> (c) (d) 

Tig I — T 7 cholera, strain Rangoon smooth Agar surface colonics, incubated at 17° C x 0 

(а) Typical smooth colon} (18 hours growth) 

(б) Typical rough colon} (18 hours* growth) 

(c) Rugose colony w ith irregular corrugation (3 days growth) 

(el) Rugoao colony with radial corrugation (3 days growth) 



Fia 2 — l 7 cholera: strain Rangoon smooth Smear 
of rugose growth from agar (30 hours growth at 
37° C stain Hiss, *1250) showing cluster of 
Bphencal forms embedded in their faintly staining 
gelatinous secretion 
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Fig 3 — -Vibrio Rangoon rough 2 
Smear from poptono water cul 
ture pellicle (48 hours growth at 
37® C stain Hiss, x 1200) show 
ing group of capsulato forms 





RUGOSE VIBRIOS 


The oulture Rangoon rough 2 differed from the other rugose 
raoes studied m being subject, after several days’ incubation at 
37° C or on the bench, to a rapidly extending slimy degeneration 
of the intercellular substance rendering the cells readdy and 
permanently dispersible in saline, in the plump bacillary form of 
its units and in failing to generate spherical buds In smears of 
the agar growth stained in various ways it could often be determmed 
that the gelatinous nodulos whioh it contained were composed of 
capsukto forms with somewhat diffuse and confluent envelopes 
or of closely packed rather deeply staining ovoid bodies which 
could sometimes bo seen to contain a number of colls arranged m 
different directions Smce more satisfaotoiy preparations could 
be obtained from the gelatinous pellicle of peptone water cultures, 
these have been employed for purposes of illustration Smears 
of the pelhole, fixed and Hiss-stained, offered a microscopic picture 
of remarkable vanety scattered short baoilh showing no evidence 
of capsulation, groups, cords and webs of patently oapsulato forms 
(fie S) and dusters of largo deeply staining oval bodies (fig 4) in 
which it was often difficult to make out any definite structure 
and usually surrounded by a difluse capsular haze Examined 
bv dark ground illumination, moist preparations appeared to be 
entirely composed of short bacilli capsules and large ovals were 
invisible At the suggestion of Professor A Fleming I made a 
trial of “negative” staining by mgrosm, both by mixture of tlio 
stain with the growth before smearing and by applying it to dned 
smears thereupon the nature of the oval bodies was disclosed 
The stem apparently penetrating to some extent the substance 
of these bodies, left sharply defined the unstained bacteria witlun, 
exposing them as magnificently capsulate forms (fig 5) 

On die whole it seems probablo that tins apparent difference 
as regards capsulation of Rangoon rough 2 from the other rugose 
,a a matter of degree or case of demonstration Tho 
“ J is mt the rugoso growth habit m nbnos results 
® sse t,rtnrmallv activo secretion of mucinous material while tho 
a , of ^ rough culture is due, as I lmvo shown (White, 

itm* 0 ] 935 1930). to flulur0 to 80cret0 or form tho h l >celfic P oI >'' 

1 cchando* It is difficult to imagine two forms of change more 

opposite mnadma^ ^ t]j0 cornig(lt ion of tho rugoso culture is 
" s , , jD p ar t to variations m secretory activity m different 
duo at growth, tho effect of which mnj bo accentuated bj 

regions properties of tlio secretion Tho case with which 

i e occurs to and from tlio rugoso condition perhaps suggests 
rugose character is duo to an intensification of the normal 
rctorv processes rather than to a special tjpo of acliutj 
^Whether the intercellular or capsular mntorml of the rugose 

jotier or l— ■ n1 ’ A ■ 
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vibrio has any special serological property I am not yet certain, 
but it may readily be shown that the organisms which, by grinding 
m sahne, can be liberated from a rugose culture of S ongm, are 
after washmg normally agglutmable by the corresponding smooth 
0 antiserum Emulsified particles of the mucoid residue from 
grmdrng are but slowly agglutmable with smooth serum and appear 
to have an inhibitory effect on S agglutination 

Conclusions 

The rugose growth-habit m vibrios has no connection with 
roughness , it may be assumed by S and R races alike When 
they revert to the more usual growth-habit of vibrios, rugose 
laces return to the S or R condition from which they were derived 

The rugose condition is due to secretion by the culture of a 
gelatinous intercellular substance or definite capsules 

My particular thanks are due to Mr F Welch who, by the courtesy of 
Mr J E Barnard, FES, has prepared the microphotographs here reproduced, 
sparing no pains to achieve the best possible presentation of the material 


Baerthuein, K 
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THE CANINE PROSTATE IN RELATION TO 
NORMAL AND ABNORMAL TESTICULAR 
CHANGES 

S Zuokerman and T McKeown 
From the Department of Human Anatomy, Oxford 

In a previous study (Zuokerman and Groome, 1937) it was reported 
that 8 of 9 camno prostates collected at random were larger than 
the size usually regarded as normal As veiy little appeals to be 
known about the normal range of variation, the high incidence of 
enlargement m this sample of 9 specimens made it interesting to 
enquire w bother or not the canine prostate enlarges gradually 
throughout life It proved impossible to obtam material from 
official RSPCA stations or “ dogs* homes ” for such a study 
As a rule, however, dogs killed at these places are disposed of for 
certain purposes of trade, and through the courtesy of Messrs 
Harrison Barber Ltd , slaughterers, we succeeded m collecting the 
testes and prostates of 243 animals 

Material and methods 

Carcases are brought to tho slaughterer’s yard at periods varying from 
a few hours to two days after death Tho prostates and teste9 wero 
immediately removed and, after the prostates had been measured were 
placed m 10 per cent formol The breed and approximate ago of each 
animal were diagnosed by Mr F J Drew, an employee of Messrs Harrison 
Barber whose entire time for over 20 years has been spent in handling dogs 
After 10 days* fixation, tho \olumes of the prostates were determined bv 
water displacement in a measuring cylmder Tmns\orse sections tlirougli 
tho centre of each organ were prepared and stained with hromatoxylin and 
eosm Sections of each testis were also prepared Post mortem change* 
wore in general more marked in tho prostates than m tho testes, most of 
which proved to be in remarkably good condition 

The first 9 of our series of canine prostates have already been described 
(Zuckerman and Groome) Tho 10th, lltli, 12th and 213th specimens were 
obtamed from veterinary surgeons * Nos 13 149 of the remainder wero 
obtained at Messrs Harrison Barber’s and wero collected at random from 
the available dogs without selection of breeds Nos 150 212 wero tnkon 
only from fox temors, Manchester terriers and spomols Nos 214 to 243 
were taken from any dogs whoso testes were either abnormal or absent 

* Wo wish to express our thanks to Dr E G White of tho Ro>nI ^ etennary 
College, London, and to Mr Charles Roberts, W R C V S , of Tunbridge \\ nils for 
their kindness intending us these specimens 
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The size of the canine prostate 

Tho observations on the size of the prostate which are 
summarised in table I relato to tho 200 specimens 13-212 molusivo 
The diameter of tho organ given is tho mean of the maximum 
vontro-dorsal, eramo-oaudal and transverse dimensions Sexual 
immaturity was determined by the absonce of spermatogenesis 
and by an infantile condition of the seminiferous tubules Bogs 
become sexually mature when about one year old and it is of 
interest that there woro only four animals which Mr Drew estimated 
to be over a vear and which did not satisfy the histological criteria 
of maturity No histological oliock for the estimates of age of 
the mature dogs is available, but the mean sizo of the prostate in 
tho presumed oldest group of animals is almost invariably larger 
than in the group wluoh includes dogs of only up to C years of age 


Table n 

Partial correlation coefficients for body-weight and age of dogs 
in relation to prostate volume 



" 
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Avpi 

Fox terriers 

47 

0 3040 

0 2412 

Spamola 

20 

0 4708 

0 5592 

Mancl letter terriers 

20 

0 6379 

0 1690 

All dogs 

200 

0 3216 

0 4547 


R np u is tho coofficiont of correlation between ago and prostate tolumo, tho 
effect of body weight being eliminated R wp a is tho coefficient of correlation 
beta eon body weight and prostate \ olume tho effect of ago being eliminated 
The coefficients in black type are significant 

The available data do not disolose any orderly relation of body- 
weight and prostate-sizo between the different breeds Thus the 
prostate in a breed suoh as the Frenoh pug may be larger than in 
alsatians or collies of corresponding age-groups Attempts to 
analyse the data by means of partial correlation coefficients for 
age and body-weight were not entirely successful The coefficients 
obtained are collected m table II and it will be seen that all four 
possible results of the correlation analysis have been obtained in 
the four groups studied Where all the specimens aro considered 
together, both ago and body weight appoar to influence the size 
of tho prostate 

It is dear from tables I and II that tho prostate may grow 
considerably after sexual maturity is reached and that m eaoh 
breed growth may continue into late hfe This is also demonstrated 
by the figure, which is a scatter diagram of tho age-prostate-volumo 
relation in the 200 speoimons 13-212 inclusive (all breeds) The 
great variance of the data m each year of hfe as shown in this figure 
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AGE IN YEARS 


Tho size of the canine prostate in relation to ago 
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provides the reason for the relative failure of statistical analysis * 
Similar variance is revealed in scatter diagrams constructed foi 
animals of a single breed (e g 51 fox-terriers, 23 Manchester terriers, 
23 spaniels), and in scatter diagrams illustrating body-weight- 
prostate-size relations Although the largest prostates are usually 
found m the older animals, relatively small prostates also occur 
in old dogs The lines drawn m the figure illustrate two extreme 
trends of change in the prostate with ago The first leads to 
progressive enlargement, the second to involution Tins interpreta- 
tion of the data is supported by the histological evidence 

The data summarised m table I confirm the view stated previously 
(Zuokerman and Groome) that 8 of the first 9 prostates in our 
senes were “ enlarged " 

The histology of the canine testis and prostate 

The prostate proved to be the Bame anatomically and histo- 
logically in all the breeds investigated The following observations 
refer to the whole of the 243 specimens examined (tablo III) 

Histological study of the testes showed that 19 of the dogs 
were sexually immature The prostotes of these animals were 
infantile in type the glandular aoun were not expanded, the 
epithelium was neither high nor functional and the ratio of epithelial 
to fibro-musculor tissue was Ion The remaining 224 animals were 
mature In 177 spermatogenesis was m progress and the testes 
were normal Lymphocytic infiltration of the testes ms, liowovcr, 
occasionally to be seen and a few testes were abnormally fibrotic 
In some specimens a fen seminiferous tubules appeared as sohd 
rods of cells Spermatogenesis nas in abeyanco m three animals 
which were estimated to be more than 10 years old (the testes 
nevertheless maintaining their normal histological form), and m 
four younger animals nhioh presumably may have suffered from 
some nutntional deficiency f Tho amount of interstitial tissuo 
varied, but post-mortem changes made it impossible to assess 
individual differences in this character with any accuracy All 
stages intermediate betneen a somenhat immature condition of 
the prostato on the one hand and glandular hyperplasia or glandular 
involution on tho other wore observed m tho 177 animals in whom 
spermatogenesis was proceeding 

Tho general arrangement of the lobules in tho carnno prostate 
has been described previously (ZucKerinan and Groome, figs 4, 5 
and 7) In the fully innturo normal prostate tho lobular arrangement 

* It lfl a cunou* coincidence that in our data there pro\ed to bo a fnirlv flwp 
relation between tho mean bod\ weight in pound* of each age* group of dog* mid 
tho mean diameter of tho prostate m millimetres for the corresponding groups 

f Tho malo dog doe* not cxpcnenco a reproductive* season, and in normal health 
sjjcrmatogcnesi* proceeds continuous!} throughout tho jear 
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remains distinct and the glandular acini, which are not greatly- 
distended, are lined by tall, active cylindrical epithelium * The 
vasculanty of the normal prostate varies considerably and con- 
siderable haemorrhage was present in one specimen (no. 12) 
Inflammatory lesions are not uncommon and prostatohths are 
sometimes visible to the naked eye 

Signs of involution are present m several prostates The 
process has affected the greater part of the organ in a few of the 
older animals, especially those in which the prostate is small In 
such cases the ratio of fibro -muscular tissue to epithelial elements 
is much increased, the glandular cells are low and the acnn are 
reduced in size It is of interest that signs of prostatic involution 
may be present even when spermatogenesis is occurring 

Various degrees of glandular hyperplasia are also displayed in 
the present series of specimens, but none much greater than that 
depicted in fig 15 of our previous study The more excessive 
the condition the less does the prostate maintain its orderly lobular 
arrangement and the greater are the number of papillomatous 
extensions into the distended acini The process is best marked 
in the largest prostates in our senes Isolated adenomatous 
nodules such as are seen m the human prostate, of the sort that 
can be “ shelled out,” were not seen in any of our specimens 

Involution of the prostate was observed in only one of the 
7 mature animals in whom spermatogenesis had stopped ; the 
prostates of the other 6 were normal. These 7 animals, as noted 
above, were presumably either senile or suffering from some 
nutntional deficiency 

The 5 prostates listed below were obtained from mature animals 
in whom no scrotal testes were found and who at autopsy were 
therefore presumed to be castrates 


Xo 

Estimated age 
(years) 

Volume of prostate 
(cc) 

57 

9 

18 

67 

3 

12 

164 

6 

24 

220 

6 

2 

217 

10 

6 


The prostates of nos 57, 67 and 164 show, however, few signs 
of involution, and it is therefore possible that these animals were 
ciyptorcliids. Those of nos 220 and 217 were m an advanced 
condition of glandular involution, a findin g which suggests that 


* Tho material now available makes it clear that the epithelium of the normal 
prostate figured m the paper referred to above (fig 7, Zuckerman and Groome) was 
not fully functional, even though tho specimen was recovered from an animal whoso 
testes were fulk mature 
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these animals had in fact been castrated The prostate of 217 was 
an almost purely fibro-muscular organ 

Changes m the prostate other than simple hyperplasia 
or involution 

Only 7 of the 243 prostates in our complete senes show changes 
other than those descnbed above Carcinoma is present in the 
first (no 225), which is otherwise involuted, and the second (no 213) 
shows a papilhferous cystadenomatous change accompanied by 
considerable hyperplasia of the smooth musole The remaining 
5 anomalous specimens (nos 1, 11, 222, 227 and 242) have undergone 
the metaplastic process desanbed under the heading " dog 1 ” 
m our previous paper This process converts the cylindrical 
glandular cells mto a rapidly growing stratified squamous epithelium, 
with the result that the glandular acini are transformed mto cysts 
of varying size, filled with desquamated epithelium Since this 
process can be reproduced experimentally by the injection of 
cestrogemo substances, its spontaneous occurrence may bo attributed 
to similar stimulation occurring naturally Bogs 13-212, as noted 
above, were examined at random -without reference to abnormalities 
of the testes None of them shows squamous metaplasia of the 
prostatic epithelium It is unfortunate that the incidence of tins 
latter condition cannot be estimated on the available material 

The prostate m relation to testicular abnormalities 
Neoplastic changes m the testes had ocourred m the 7 anomalous 
dogs referred to above * Testicular tumours were also present 
m 28 other dogs m our senes and m tlieso the prostates were oitlicr 
normal or in a state of simple glandular hyperplasia or glandular 
involution (tables III and IV) Only 0 of the total of 36 testicular 
tumours were found in the sones of 200 dogs winch were collected 
at random without any reference to abnormalities of the testes 
Twontj -eight were found m animals whoso testes were larger 
than normal The 29th tumour was found m dog 1 (seo footnote) 
The nooplastio testes varied in appearance Some were sohd 
and homogeneous, others nodular Many showed regions of 
luemorrhago and a few' appeared to be mostly converted mto cjsts 
containing gelatinous material 


* In our previous paper it was stated that tlio testes of dog I were small and 
flint histological examination, which was BomowJint limited owing to imperfect 
fixation, showed that spermatogenesis this hi abej anco or much slowed down at 
the time of the animal’s death Tins statement was based on tho examination of 
two blocks of tissue The testes linvo smeo been sectioned sonallj (in \ lew of 
tlio condition of the testes in other dogs in our senes whoso prostates had undergone 
squamous metaplasia) and an encapsulated spherical tumour G mm in diameter 
was found towards tho lower polo of ono testis This tumour has been diagnosed 
histological!} as an adenocarcinoma (seo nbo\ o) 
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Tiie histological classification of testicular tumours presents 
considerable difficulty and there is much difference of opinion 
between authorities on the subject The canine testicular tumours 
of 'which Me have found a record are (o) one seminoma reported 
by Imamaki (1931), ( b ) two interstitial growths recorded by Ball 
(1922) and (c) three tumouis of cryptorclnd testes reported by 
Gieulieh and Burford (1936) — not specifically diagnosed but stated 
to be either seminomas, embryomas or adenocarcinomas, together 
■with (d) a few observations by PejTon (1922) on the part played 
by Sertoli cells in canine testicular tumours Consequently we 
have classified our own series on the basis of human pathology 


Table III 

Testes and prostates of 243 dogs of different breeds and age. 



Three of our canine turnout* are interstitial m ougm, the 
remaining 32 being denved fiom the cells of the sennnifeious 
tubules Tho interstitial tumom- resemble the corresponding 
human new -growths (rf Oberndorfei 1931) and appeal to 
be identical with the two canine interstitial turnouts dcitiihcd 
by Ball Thcv are composed of Imge eosinophilic cell- with 
relatively small nuclei and somewhat vacuolated cytoplasm The 
cel}-, are gem rallv arranged m pern a m ulat -ti.mds and the growths 
are very saccular and occasionally liremorrhagie Tim swollen 
interstitial celK arc almost identic d in form with those seen in 
the te-e.p-, of mtor-eviml pigs and the\ al-»» resemble both Jilted 
c'U- and the t.*lls of the adreml < ortev 

iiu 3*2 tumour- of germinal origin hive for convenience been 
dnidfd the two group-, -c minonn and a»h*t>c« ercinotna 
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teratoid or mixed tumors ”) are true embryomas Bang ct ah 
(1935) and Hamburger ct al. (1936), on the other hand, regard 
seminomas and mixed epitheliomas as being respectively the non- 
difforentiated and differentiated forms of tumours arising from the 
cells of the seminiferous tubules. They have been successful m 
correlating their lnstological findings with the results of endocrine 
analysis of the urine and of radiological treatment of the patients 
whom they mvestigated. Their further view that the polycystic 
teratomas and the mixed epitheliomas have a different ongm is 
also supported by the results of endocrine analyses 

The canine seminoma, of which there are 17 m our series, is m 
general the same as the corresponding human tumour The grow ill 
consists of a fairly sohd cellular mass with a relatively fine stroma 
which is variably mfiltrated with lymphocjdes The cells aie 
mcgular m size and in general their nuclei are relatively large. 
Multinucleated and dividing cells are common The degiee of 
vascularity, haemorrhage and necrosis varies from specimen to 
specimen, as does also the number of recognisable semuuferous 
tubules 

The remaining 15 tumours have been classified as adeno- 
carcinoma and they correspond to the mixed epithelioma of the 
human testis Essentially they represent a malignant develop- 
ment of all the cells of the seminiferous tubules, lncludnig the cells 
of Sertoli (which do not take part in the formation of seminomas) 
The relative parts plaj'ed by the cells of Sertoli and the germinal 
cells m the production of the tumour vary. The canine adeno- 
carcinoma differs from the mixed epithelioma of the human testis 
in being less differentiated and polymorphic and in the obvious 
participation of SeitoU cells m the growth. 

In a few cases the tumours are isolated in the testis, which may 
be small in size When the cancer is further developed, the testes 
may be entirely disorganised and in section appear as cystic organs 
containing blood and coagulated gelatinous material The extent 
to which sperm tubules survive in normal form and the degree 
of their compression vary. 

Histological examination shows that the general form of the 
seminiferous tubules is often maintained in this class of tumour, 
but tubule-* arc sometimes greatly expanded and much altered in 
sh.ijKi Usually, too. there is a considerable fibrous stroma The 
decree of proliferation of the germinal epithelium vaiics and 
both typical seminoma cells and elongated Sertoli cells with 
rvlutnoly small nuclei may be recognised The disposition of the 
cells frequent Iv sugcesti that they have been separated from c'mli 
other by some fluid secretion. Occasionally, too. the tumour 
pre-cat'- a tAiicytinl arrangement of what appear to b° mainly 
Si'-toh tel!':. The important part pla\cd lo, th< , <-f» nil- in « min»* 
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testicular tumours 1ms been emphasised by Poyron Neciosis and 
hatmorrlmgo arc frequent and sometimes considerable * 

Ono of thn specimens falling into this class of tumour sms obtained from 
a fox-terrier (no II) which was nutopoed because its scrotum lind bccomo 
enlarged and inflamed During tho last six montlis of Its lifo the shin of 
Its trunk had nl*o become lmgnlnrb, pigmented in black patches Its 
penile sheath and nipples had also become much moro prominent .There 
was a large h\ droc< le of the right testis, which was sw ollen A small nodular 
growth projected from its postero Intend surface TIio left testis was small 
Tin prostate was i nonnousl} enlarged and histological section showed that 
tho wholo of it hod undergono squamous metaplasia Necrotic metnstases 
of tliu testicular grow tli w oro found in both lit t r and spleen Tho modullnry 
cells of tlio adrt nnls app«>nnsl to lint o undergone hj perjdnsin 

flic correlntiim of tho condition of tho prostate with tho 
testicular tumours raises set era 1 matters of interest (tablo IV) 
Thus all but 1 of tho 17 dogs with seminomas had either normal 
or hjpcrplastic prostates, the prostates m tho 2 exceptional animals 
being imoluted Tins finding suggests that the secretion of 
gonadal hormones wns normal m theso animals (normal in tho sense 
llmt tho prostates would present tho same appcaranco in a samplo 
of similar sizo picked nt random from dogs whoso testes wero not 
affected bj gross pathological ahango) It is also ill lmrninnj with 
tho results of tlio endoermo analyses of Hnmburger cl al (1937), 
which indicato a “rather normal testis function” in patients 
suffering from seminoma, and with Parkes' finding (1937, personal 
communication) tlint seminomas in capons produco neither malo 
nor female hormone (Semmomas, it may bo noted, occasionally 
develop in tlio soar which replaces tho liilum of tlio removed gonads 
of cooks ) 

Tho prostates of tho 3 animals with interstitial testicular 
tumours oro also of interest in so far as they suggost that the 
tumours wero not producing an excess of androgomc hormono 
This finding, again, is in keeping with tho fact that tlio testes of 
intersoxuol pigs do not produce on oxcess of malo hormone— as 
indicated by tho condition of their accessory reproductive organs — 
in spite of tho rolativo moreaso of tlioir mtorstitml elements 
(Baker, 1924-25) 

On tlio othor hand tlio condition of tho prostate in tho 16 dogs 
suffering from ndonocaroinomn of tlio testis shows that a considor- 
nblo change had occurred m tho sox hormono motabolism of those 
animals In no prostate was tlio glandular development sufficiently 

* Tlio brief description guen by Grouhch and Burford of tho tumours they 
found in tbo cryptorchid tester of throe dogs suggests that tho growtlis wore of tho 
kind that wo lia\o described os “ adenocarcinoma ” Tim view is supported by 
the fact tliafc squamous metaplasia hail occurred in two of tho threo animals they 
studied, as it had m five of our series Imamnki’s specimen also appears to havo 
been nn ** adonocarcinomn,” and not tho typo of tumour to winch wo ha\ o referred 
as “ seminoma ” 

joims or path —vox xlyi b 
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pronounced to raent the description “ hyperplasia,” a fact suggest- 
ing that there was no excess of male hormone m any of the animals 
concerned. In 4 prostates the glandular system was greatly 
involuted and in 2 of these the whole organ had become much 
reduced in size In 5 others the glandular system had undergone 
squamous metaplasia, a finding w Inch indicates oestrogenic stimula- 
tion Pi esumably the oestrogenic hoimone had been elaborated 
by the turnout tissue In new of the fact that Sertoli cells had 
played a pait m the building up of these tumours, it is noteworthy 
that these cells are homologous mill the granulosa cells of the 
ovanan follicles (Witschi 1932), and that the latter were for long 
considered to be the primary souice of oestrogenic hormone 
Furthcunore it is of mteiest that human patients suifeimg from 
mixed epitheliomas of the testis have possessed femnnne characters 
(Menetnei ct al , 1922) and that 6 patients suffering from mixed 
epitheliomas of the testis who weie investigated by Hamburger et al 
(1937) cxcieted more cestrogemc hormone than normal 

The otcurience of caicmoma of the prostate m one of the 
15 animals which had an adenoeaicmoma of the testis js probably 
a loituitous circumstance In view, however, of the fact that 
tin- type of testicular tumour produces oestrogenic hormone, it is 
nece-sarv to note that carcinogenic and oestrogenic substances 
often overlap in iumtion (Dodds, 1935) 


Summary. 


1. Dxanmintion of 2-13 dogs of all ages and breeds shows that 
th< -i 7«* of the prostate is veiy variable m cacli age group Aftei 
about the eighth year of life, the prostate may cither undergo 
involution or continue to enlarge, the two changes being equally 
common. Where all the specimens arc considered together by the 
method of p>rtial correlation coefficients, both age and body-weight 
apjXMr to influence the =i/c of the organ Similar analysis of 47 
pro-tab- of fo\ -terrier', failed to ‘-how any conelntion with either 
. "r m bod\ -u eight. 

2 Jail irtement is duo oithei to glandular hyperplasia or, more 
r.io h. to -mi Omni', met lpJn-in of thecihndrical pi ostatic epithelium 
’•hi m if -tilt- from spontaneous o*->trogeme i-tiniulation Involution 
*h“wu by rvzn -‘•ion of the glandular acini and bj a reduction 
•' ’ 7, ‘ of tfi< whole organ The most pronounced involution was 
“b tp two «a-tri*ed dog- 


i 1 


.ft' T. 

Ai i if 
Tt r> 


* uhr tumour-, were prevnf m 15 dogs Three* were 
o> « f tie* it »al tr It-, and the prostate- of tlic-e animal-, 

•e-n.ai, •»;' Irffiig involut'd Kctcutcen were ‘■eminomas 
cs,~r\' i-fwdinr pro-tote > wi.ro also norma!, 2 being involuted. 
i.stnme !5 fivw \h rliss.fVd under the term “ adeno* 
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caictnoma ” and are homologous with tho mixed epithehal testicular 
tumours of human pathology, from uhioh they differ in being less 
differentiated and polymorphic Nine of the corresponding pros- 
tates are normal, 4 being involuted Carcmoma had occurred in 
the tenth prostate and the remaining 5 had undergone squamous 
metaplasia, presumably as a result of stimulation by cestrogemo 
hormone elaborated by the tumours The cestrogemo potency of 
these adenocarcinomas is related to the fact that Sertoli cells take 
part in their formation and that these cells are homologous with 
the granulosa cells of the ovarian follicles 

Our thanks or© duo to Professor M J Stewart, who in the first place 
suggested tins investigation We are also deeply grateful to Drs J A 
Murraj , FRS, C Hamburger, F Bang and J Nielsen for their help in 
tho diagnosis and classification of the testicular tumours and to Dr R B 
Fishor for assistance m tlio statistical analysis of tho data We also once 
more desire to record our appreciation of tlio caro with which Mr R Munro 
prepared the sections 
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THE INCIDENCE OE THE VARIOUS SEROLOGICAL 
TYPES OF STS AGALACTIJE IN HERDS OF 
COWS IN GREAT BRITAIN 

A W SlABLEFORTH 

Research Institute in Animal Pathology, Royal Veterinary College, London 

In a recent publication (Stableforth, 1937) it was shown by 
agglutinin absorption tests that five serological divisions exist among 
British strains of Sir agalactia! and that these fall into three mam 
types, 1, 2 and 3, of winch the sub-types are called la, lb, 2a, 3a 
and 3b respectively They have been arranged in mam and 
sub-types because, while quite distinct by agglutmm absorption 
tests, they show certain marked cross reactions m direct agglutination 
and precipitation tests Most British strains fall mto one or other 
of these sub-types Types now called la, 2a and 3a were originally 
called types a, b and 0 (Stableforth, 1932), but were redesignated 
for reasons given m the later paper (1937) 

The purpose of the present report is to give certain facts 
regarding the distribution of these sub -types in the different quarters 
of individual cows, among cows of a given herd and among herds 
in general, and to disouss whether there is any difference m the 
extent of infection or disease m accordance with the type present 
Bata have been obtained for 52 herds containing, at the tune of 
examination, 2293 cows of which 823 (35 9 per cent ) were mfeoted 
with Sir agalacltce m one or more quarters, an average of a little 
over two quarters each The herds were unselected except that 
the owners had, in most cases, experienced some degree of trouble 
from mastitis, while m a few herds there had been actual out- 
breaks The majority were self-contained or only restricted 
purchases had been made 

Methods 

The methods used wore direct slide agglutination agglutmm absorption 
and precipitation using acid extracts Details havo been gi\ cn previously 
(Stableforth, 1932, 1937) Slide agglutination tests with sera for the o 
sub typos were made with one or more strains from each quarter and a 
clear indication was generally obtamed that the strain belonged to ono or 
otlior sub type In the earlier stages of the investigation, all strains wt.ro 
also exammed hy agglutmm absorption and precipitation testst Tho 
absorption tests showed in nearly all cases that the indication of tho slido 
test had been correct The precipitation tests usually gn\o parallel results 
JOOltV or path — vox. xivi 21 n 2 
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but did not as a role distinguish between sub-types of the same mam type 
As work proceeded, it became clear that if a cow was infected in more than 
one quarter the type was in nearly all cases the same In many herds, 
therefore, if the strains from different quarters of the same cow gave similar 
results in the slide test, absorption and precipitation tests were made with 
only one strain from each cow At a later stage it became evident that 
the strains from a given herd were commonly alike In certain of the later 
heids, therefore, when all or a large proportion of the strains from a given 
herd gave similar direct agglutination results, only representative strains 
were selected foi absorption or precipitation tests A large proportion of 
strains reacted in the slide test with the serum of only one sub-type Strains 
which did not give clear-cut results with this test were always examined 
by the agglutinin absorption method In a few herds no confirmatory 
absorptions were made and the strain was recorded as of a certain mam type 
but unknown sub-type , these, however, were usually herds m which the 
number of infected cows was so small as to make them of little or no value 
for assessing the purity of herd infections They are amongst those excluded 
from consideration m the section dealing with the similarity of strains 
obtained from the same herd and in the subsequent discussion In most 
cases the small number of strains tested gave similar shde results Altogether 
agglutinin absorption tests were made with strains from 867 quarters of 
548 cows and precipitation tests with strains from 363 quarters of 204 cows 
As a rule one typical colony from each quarter was examined since it 
was already known (Stableforth, 1932) that, where a large number of 
colonies of apparently similar nature were present on blood agar plates 
sown from udder secretion, one colony could be taken as representative 
With 234 quarters, however, from 2 to 6 colonies were examined , m only 
three cases were streptococci of two types obtained 

Strains were usually examined at once, colonies being picked direct into 
a sufficient quantity of medium If not they were tested at the first sub- 
culture Only one examination of most animals was made but it will be 
shown that change of type m a given quarter or animal is rare 973 strains 
were examined by the recognised biochemical and other tests and all but 
a very small proportion were typical of Str agalactice m every respect A 
group precipitation test was also earned out in many cases and the result 
clearly' showed that the strains belonged to streptococcus group 33 
(Lancefield, 1933) 

Stability of types and their peisistence m the udder 

125 quaiters were examined 2-4 times at intervals of 2-13 
months Of these, 46 were infected with sub-type la, 6 with lb, 
39 'with 2a, 31 with 3a and 3 with 3b In only 4 cases was a change 
of type found In one of these a different type first appeared in 
a previously clean quarter of the same cow and, 6 months later, 
had apparently replaced the original type in the quarter first 
infected In the other three oases a type different from the original 
was found after an interval of 3-6 months but there was no evidence 
to suggest whether there had been an actual reinfection or a change 
of type. 

Repeated examinations have also been made in 24 quarters of 
cows and in halves of the udder of goats which had been artificially 
infected with one or other type of Str agalactice Strains from 
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those animals were examined, at internals of from less than a neck 
to sovoral months, for periods up to more than n year, involving, 
in ono or t\v o cases, a dry period and subsequent parturition In 
no oaso was anj change of typo observed In a fow instances the 
results given by individual strains wore not clear-cut but m each 
case tho characters of the strains obtained at tho next examination 
were identical with thoso of tho original infecting strain 

The distribution of the several types and sub types in cous, 
i n herds and among herds 

Tho total numbor of infected cows in tho 52 herds was 823 
and these wero infected in 1752 quarters, but foi vnnous icasons 
strains could bo obtained from only 1546 quarters of 782 cows 
It is not possible to reproduce these results m full but the completo 
data have beon lodged m the gcnoral library of tho British Museum 
(Natural History Section) They are briofly summarised in the 
sections which follow 

The similarity of strains obtained from different quarters of 
the same cow In most cows onfy one sub-typo was obtained 
Thus of 782 cows. 


641 (82 0 per cent ) earned ono sub-type only , 


57 

(7 3 „ 

) 

„ one mam type, but tho sub-type 
was not determined , 

18 

(2 3 „ 

) 

„ different Bub-types of tho same mam 
type. 

28 

(3 6 „ 

) 

„ two or more mam types , 

10 

(12 „ 

) 

„ a mom type and an unknowui type , 

28 

(3 6 „ 

) 

„ only strains of unknown types 


The distribution of sub-types among cows with pure infections Of 
tho 641 cows with only ono sub-typo, 


279 (43 5 per cent ) 

carried sub-type la , 

21 (3 3 „ ) 

ft 

„ lb, 

61 (9 5 „ ) 

II 

11 2a , 

224 (35 0 „ ) 

II 

n 3a , 

56 (8 7 „ ) 

It 

„ 3b 


The similarity of (he strains obtained from the same herd In 
table I the data for 45 of the 52 herds are arranged according to the 
percentage of total infected cows m the herd, and the percentage of 
cows infected with one sub-type or one mam type where this was 
clear, but no attempt waB made to determine the sub-type The 
remaining 7 herds were excluded because less than 4 cows in eaoh 
were examined 

It is seen that in 38 of these 45 herds, at least 70 per cent of 
the individual infections within the herd were alike and that m 15 
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In In 2 herd* " mean* thnt sub tjpc In was tho predominant scrnlonlcnl t>po In 2 herds 

3 (fsuh) In l Iiord •• means that t>po 3 was tho predominant serological t>po In l herd but no attempt was made to dctcrmlno the sub tjpo 
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of tlio 38 nil were alike, while in the remaining 7 herds no sub typo 
was predominant Purity or rclativo purity of sorological typo 
appears thereforo to be usual 

The distribution of the various types among herds In table II 
are summarised the data for the 38 herds in which 70 per cent 
or more of cow infections wero alike It is soon that sub-typo la 
was predominant, accounting for the infection in 19 herds, the 
remaining sub-types bomg raoro or less evenly distributed When 
related sub-typos are grouped, it is found that typo 1 was responsible 
m 23 herds, typo 3 in 12 and typo 2 m only 3 Reference to table I 
will also show that in herds with tho greater purity of sorological 
type, tho various sub-types of typo 1, particularly la, wore evon 
more predominant 

Table n 


Distribution of serological type among herds and relation to incidence 


Proportion of Infected cows In tho lien! 

Totals 

40 j»cr cent or more 

20-30 per cent 

Less than 20 per cent 

_ 

Hj 

la in 11 herds ) 

lb •• 2 . Ll4 

1 (? sub) m 1 herdj 

3b in 1 herd 

3 (1 sub) in 1 herd 

la m 3 herds! - 
lb , 1 herd J 4 

la in 10 herds 1 

lb „ 3 „ [23 

1 (? sub) m 1 herd] 

2a in 3 hords 3 

3a „ 5 , \ 

3b „ 4 , J-12 

3 (7 sub) m 3 herds } 


For meaning of terms bo© footnote to table I 


Incidence of infection in herds and its relation to the serological 
type present Considering the percentage of infections in the herds 
m relation to tho infecting type (table II), it is seen that type 1 
(usually la) accounted for all four herds with less than 20 per cent 
incidence and for most of those with 20-39 per cent inoidence 
On the other hand, type 3 was responsible m over half of the herds 
where the incidence was above the average, the remainder being 
distributed between types 1 and 2 All of the type 2 herds were 
in this oategory 

Consideration of the data from the 14 herds excluded from this 
analysis has shown that the incidence of types 1 and 2 was some- 
what greater amongst these herds, but that their inclusion would 
not have altered m any important manner the proportion of herds 
showing a predominant type, the inoidence of the various types or 
sub-types among herds or the relative predominance of type 1 
m herds with httle infection and of type 3 m herds with much 
infection 
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The haemolytic activity of the stratTis. 

In the summary given no distinction is made between cows 
which carried J3 luemolytic streptococci and those which carried 
non-lucmolytic stieptococci because it has already been shown 
(Stableforth, 1932) that streptococci of both varieties may exist 
in tho same serological type The division of the strains in the 
table would moieover have confused the issue. The distribution 
of luemolytic properties was as follows. 

(n) Of the total cows examined, 74 per cent carried pure 
fi luemolytic infections and 23 per cent pure non-hsemolytic infec- 
tions, while 3 per cent had mixed infections. 

(6) Nearly all quarters carried either pure /? luemolytic infections 
or pure non-ha?molytic infections but in a few /? and non-luemolytic 
colonies of the same serological type were found 

(c) Nearly three-fifths of the herds had relatively pure infections 
with ft luemolytic strains (20 herds) or non-hcemolytic strains 
(9 herds), while the remainder had mixed infections. 

It lias already been shown that m 38 herds one sub-type only 
was present or one type was predominant. In nearly three-fourths 
of these 38 herds all or nearly all strains of the predominant sub- 
type showed similar characters in respect of haemolysis, while 
m the remaining fourth tho predominant sub-type contained both 
f} luemolytic and non-luemolytic strains. In herds with more 
than one serological type both fi and non-luemolytic strains often 
occurred in the same type , on the other hand in a few herds all 
or nearly all the p luemolytic infections were of one type whereas 
all the non-litomolytic infections wero of another. 

The use of serological methods for the routine identification 
of Str. ngalactire 

The experience gained in the work here reported has shown 
that serological methods offer a ready and reliable means of 
recognising Str. agalactia: and these have, during the past three 
years, gradually replaced biochemical methods in the control of 
Str. agalactia: infections Suspected colomes arc picked into 30 c c. 
of serum broth and each streptococcal growth, after removal of 1 c c. 
to another tube for further u«c if necessary, is centrifuged and the 
deposit taken up in 0*3-1 -0 c.c carbol-saline A slide agglutination 
test, occupying one minute, is then made with the fiic Mira 
representative of most British strains A definite reaction with 
any of these is indicative of Str. agalactia: and also usually indicates 
the particular typo If the result is negative, cultures are prepared 
in 100 c c. of glucose broth, extracted and tested by the contact 
method with a group scrum known to be specific for Sir. agalactia: 
or Streptococcus group B. In thi- way most strains can be recog- 


TYPE DISTBIBOTION OF STR AGALACTI/E 


27 


rased within 24 or at most 48 hours after the plates are examined 
Streptococci belonging to other groups from animals and man 
and those belongmg to no known group have given consistently 
negative results 

Discussion 

The various data reported in this paper further strengthen the 
view that mastitis caused by Str agalactia is a purely contagious 
disease It has been shown that the mfeotion of a given quarter 
with Sir agalactia is, with rare exceptions, pure m a serological 
sense and that it remains pure over a period of at least 12 months, 
the last fact also connoting stability of serological type The few 
occasions where a type other than the original was isolated all 
oocurred in a heavily infected environment where reinfection or 
supcnnfeotion might well have taken place, and never in those 
animals which were isolated for experiment It has also been 
shown that where a cow is infected in more than one quarter the 
mfeotion is nearly always pure Further, m most self-contained 
herds the infecting sub-type is the same in all or most of the con's 
A specially clear case was seen on a farm where only newly calved 
heifers were present In an outbreak of mastitis whioh ocourred 
among these heifers, lasting about two months, the same infecting 
sub-type was present throughout, a significant fact since it can be 
assumed that these animals were, m nearly all oases, previously 
clean On another farm, where regular examinations were being 
made, a senes of new infections ocourred at about the same tune, 
all with a sub-type not previously found in the herd That many 
herds, especially the larger ones, though self-contained or nearly 
self-contained, should show a greater diversity of type is to bo 
expected Nevertheless, even in these the diversity is much belou 
what would be expected if the exposure of the cows to the several 
sub-types is considered to be proportional to their relative incidence 
in cows or herds in general 

In considering the data relative to the mcidonce of the various 
types among herds as a whole, certain points have especially to be 
remombercd The herds were not a random sample because in 
most cases the owners had complained of mastitis Actual out- 
breaks ocourred, however, in only a feu and, in most, tho amount 
of obvious diseaso was not above the average Moreover when a 
clinical outbreak was observed it was generally unknown whether 
there had been a recent spread of infection or whether a 
number of previously infeoted cows had simultaneously shown 
ohnical manifestations through environmental causes Neverthe- 
less if there is any difference in tho clinical effects duo to the various 
types — and we have some evidence suggesting that type la is more 
highly pathogenic than the others — then it is dear that some types 
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may be represented more often m this series than they would be 
m a purely random sample It is also possible that certam types 
may cause a heavier bacterial infection than others or that one type 
maj r show a tendency to supplant another , both of these possi- 
bilities would increase the likelihood of a given type being isolated 
Again, a type such as 3a, winch usually produces hsemolytic 
colonies, would be less likety to be missed if present in small 
numbers than one uhicli is often non-hsemolytic, such as type 1 
There is no reason for thinking, however, that any of the possibilities 
mentioned m the last two sentences have seriously biassed the 
results Finally, smce herd infections are usually more or less 
pure and since the number of cows infected with any given type 
is therefore influenced by the relative sizes of the herds, the relative 
incidence of the several types must be considered in terms of herds 
and not of cows, and this of course considerably restricts the data 
available foi analysis 

When these considerations are borne in mind, there is still no 
reason to doubt that, in British herds of the kind dealt with, type 2 
is relatively uncommon, and it is also probably correct to say 
that type 1 (usually la) is responsible for the infections m nearly 
two-thirds of the herds and one or other of the sub-types of type 3 
m the lemaimng third Consideration of the data m various ways 
substantiates these conclusions. There is also a clear suggestion 
that type 3 is capable of spreading more quickly or extensively to 
herds than type 1, because in herds in which type 3 was predominant 
the incidence of infection was usually above the average, whereas 
in herds in which type 1 was piedommant or the only infecting type, 
the incidence of infection was more often average or less than 
average 

The discussion concerning incidence among herds has been 
confined to the mam types with httle reference to sub-types because 
such division Mould have unduly reduced the size of the groups 
It may be remarked, however, that sub-type la was v holly or 
mainly responsible in half of the herds 

Another point worthy of mention because it emphasises the 
predominance of a single type in cows and in herds is the fact 
that, m here the herd type oi sub-type showed, as was often the 
case, non-specific cross reactions these Mere remarkably sumlar 
m nature and degree. 

The Mork here reported has emphasised the value of the ‘dale 
agglutination method for recognising strains of Sir agalachoj 
Once sera are available, results can be quickly obtained and, 
though a group precipitation test is also necessary if the slide test 
i" negative, the serological method saves much time and material 
as compared with the usual biochemical or other tests 
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Summary 

Observations have been made on the serological types of 
Str agalactia: isolated from 1046 nifeoted quarters of 782 cons 
in 52 herds 

In nearly all quarters and in most cons only one sub-type 
uas found 

Of the pure infections ni cows, about 10 per cent were duo to 
typo 2, the remainder being almost equally distributed betuecn 
type 1 (usually la) and type 3 (usually 3a) Four por cont of the 
comb carried unknown types 

In 38 out of 45 herds 70 por cent oi more of tlio mdmdual 
infections were alike and in 15 all were alike Of theso 38 herds 
23 Mere infected with typo 1, 3 with typo 2 and 12 with typo 3 

In herds with a low or average incidence tho infecting typo mis 
nearly nlu ays typo 1 (usually la) In over half of tho remainder 
it uns typo 3 

Details arc given of the lucmolytic activity of the strains, and 
of tlio relation of luemolysis to sorologioal typo 

It is shown that tho use of serological methods has great h 
simplified tho routine diagnosis of Sir agalactia: 

The significance of the foots reported is discussed in relation 
to the contagiousness of infeotion with Sir agalactia: 
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THE CLASSIFICATION OF STAPHYLOCOCCI BY 
PRECIPITATION AND BIOLOGICAL REACTIONS 

S T Cowax, Junior Freedom Research Fellow 
From the Bacteriology Department, London Hospital and Medical College 

While Dudgeon and Simpson (1927-28) vero unable to correlate 
the results of precipitation reactions until cultural characteristics, 
Julianelle and Wieghard (1935), usmg crude bacterial extracts or 
purified carboIi 3 'drates ns antigens in precipitation sy atoms, divided 
16 strains of staphylococci into two groups, the pathogenic and 
the saprophy tic An attempt has been made to confirm the v orh 
of Julianelle and Wieghard on a larger number of strains and to 
correlate the findings with a classification based on metabolic 
activities, such as that applied to the different groups of streptococci 

Matfihals and method*? 

Source of strains (n) Human strains The majoritj of strains were 
isolated from material sent for bacteriological examination Dr Bertha Low m 
of University Collcgo Hospital provided strains from cases of impetigo and 
Dr Julmnello kindly sent two strains of each of hw types 

(b) Animal strains Most of these were supplied In Dr R Lovell, 
wlule strains from hens were isolated from ficces obtained through 
Mr C A McGaughej The mouso strains were isolated from superficial 
lesions 

(c) Miscellaneous strains Strains isolated from food and thought to 
bo implicated in outbreaks of food poisoning wore given to me bj 
Dr W M Scott of the Mimstrj of Health, and Dr II J Shaughnessv of 
Springfield, Illinois, kindly sent mo a food poisoning strain isolated from 
milk A strain isolated from water is included in this group 

Pigment production Pure cultures vvero grown on ngnr slopes at 37* C 
for 24 hours and left at room temperature for a wc< k Pigment of on am 
colour has been included with golden v chow 

Mannitol fermentation Strains were grown in peptone water containing 
0 5 per cent mannitol and Andmdo's indicator Iho mnjontv of strains 
ftrmi ntmg this sugar produced acid within a few dnvs but occasional strains 
have required incubation up to 16 days 

Gelatin liquefaction Stab cultures wen kept at room temperature 
(IS 23° C ) for a month or more and liquefaction noted 

l ogrs Proshiuer reaction bov on dnj cultures in dextrose phosphnte 
medium were cxnmmcd bj two methods, (a) the addition of 40 per cent 
KOn, and (6) the a tinphthol mollification described b> Bamtt (1030) 
Bxpemncnt showed that onh a few strains negntive at 7 davs Wnme 
positive nfler longer incubation 
31 
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Hczmolysin production Strains weie grown on 0 3 per cent nutrient 
agar for 40-48 hours in 25-30 per cent C0 2 After centrifugation to remove 
agar and the majority of the organisms, dilutions rvere prepared m saline 
and duphcate tests made by adding 0 5 c c of these to 1 0 c c of 2 per cent 
suspensions of rabbit and sheep cells Readings were taken after 1 hour 
at 37° C and 2 hours at room temperature For the sake of brevity strains 
producmg haemolysis of rabbit cells have been called a hsemolysm producers, 
although m only a few instances have neutralisation tests been made with 
a antitoxin Strains showing the hot-cold lysis of sheep cells (Bigger, 
Boland and O’Meara, 1927) have been called ft hsemolysm pioducers , lysis 
of sheep cells in low dilution but not showing the hot-cold phenomenon has 
been considered to be due to the a liasmolysm Strains producmg hot-cold 
lysis of sheep cells and lysis of rabbit cells have been labelled oj8 hsemolysm 
producers smce Bryce and Rountree (1936) have shown that /} hsemolysm 
lias little effect on rabbit cells 

Coagulase All tests were made using one of two samples of citrated 
human plasma , the method was either to mix equal volumes of 24-hour 
broth culture and plasma, or to add a loopful of agar-grown culture to a 
1 2 dilution of plasma The mixtures were placed at 37° C and the results 
lead after 4 hours 


Results. 

The association of the biological characters of human and 
animal strains is shown in tables I and II respective^, while 
table III shows the combmed results of the human, animal and 
miscellaneous strains of staphylococcus 

Mannitol fermentation With one exception all human golden 
yellow strains fermented mannitol The association of hsemolysm 
production and mannitol fermentation was greater with human 
(94 per cent ) than with animal (68 per cent ) strains No example 
of a strain producing a reversion to alkalinity (Juhanelle, 1937) 
was found 

Gelatin liquefaction Only 15 of 146 strains failed to liquefy 
gelatin and 13 of these were white 

Yoges-Proslauer reaction The different results obtained by 
the use of the two methods appear to be due to the greater 
sensitivity of the a-naphthol modification No strains were found 
positive by the older method and negative by the modification. 
Human strains were mainly V P -positive (94 7 and 80-7 pei cent 
by the a naphthol and older method respectively) , there were 
fever V P -positives among the animal strains (45 and 40 per cent ) 
and further analysis showed that all the strains from mice (3 strams), 
hen feces (3). dogs (4) and guinea-pig (1) were V P -negative, while 
strains from bonnes (4), lioises (3), sheep (1) and rabbit (1) were 
V P.-positive The numbei of stiarns from each species is small 
but the results suggest that the Y.P. reaction might be helpful 
in the subdivision of animal strains 

Hccmolysin production All human golden yellow strams pro- 
duced hsemolysm. but 6 non-human strams — 3 of animal ongm — 
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failed to do so : two lemon-yellow strains of human origin also 
produced hsemolysm Of the white strams rather more than two- 
tlnrds failed to produce hsemolysm 

Of the human strams only 3 produced hsemolysin and smce 
they produced a hsemolysm m addition they were placed in the 
af$ group Among the animal strams only 2 produced a hsemo- 
lysin alone, while of the 11 producing lysm, only 4 failed to 
produce a lysm , these 4 strains were from dogs 

Coagulate. All strams producing either a or hsemolysm or 
both were coagulase-positive and all strains failing to produce 
hsemolysm were coagulase-negative there was thus an absolute 
correlation between hsemolysm (a and j3) and coagulase production 


Classification of strams on metabolic activities 

Human strains Using eight differential tests Andrewes and 
Gordon (1907) divided staphylococci mto four species Certain of 
their tests could be eliminated and the species defined by the 
consideration of pigment production, mannitol fermentation and 
gelatin liquefaction Using these criteria all the human Btrams 
of tins series with one exception (a golden yellow non-mannitol- 
feimenting stram) could be classified, but three non-hsemolysin- 
producmg strams would be included m the ■pyogenes group In 
the light of present knou ledge hsemolysm production is considered 
to be of major importance in the classification of staphylococci 
and for the purpose of this paper the pyogenes species of Andrewes 
and Gordon has been modified to include only those strams winch 
produce hsemolysin The golden yellow non-mannitol-fermfentmg 
strain mentioned above differed from the pyogenes species only in 
its inability to ferment mannitol, and as it produced a hsemolysm 
it has been included m this species It is proposed to subdivide 
the species Staphylococcus pyogenes into three varieties according 
to the type of hsemolysm produced ; these varieties will be indicated 
by the suffixes a, aft and /3 

The three strains winch fell mto Andrewes and Gordon’s 
pyogenes group, but are excluded from the re-defined species on 
account of their failure to produce hsemolysm, differ from the 
scurf staphylococci only in their abihty to liquefy gelatin. It is 
pioposed that these mannitol-fermenting, non-hsemolysm-producmg 
strains should be placed provisionally noth the scurf staphylococci, 
as gelatin liquefaction appears to have little taxonomic value 
For the same reason the gelatm-hquefymg and non-liquefying 
strains winch fail to ferment mannitol ( epidermidis and sahvarms 
species of Andrewes and Gordon) have been combined and the 
specific name epidermidis is used to indicate this group 

This method of classification of staphylococci which we suggest 
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and which will be used in this paper is indicated in the accompanying 
schema 


Hsemolysm production 


+ 

S pyogenes 


Varieties a 

»l 9 
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Mannitol 
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Sourf | 

staphylococci S epidermidis 


Animal and miscellaneous strains The strains of animal and 
miscellaneous origin can be divided among the species defined for 
human strains Tables II and III show that certain pigment- 
producing strains of non-human origin do not produce hsemolysm 
but, as pigment production has not been taken mto account m 
the classification, these strains have been allocated to species from 
which they would have been excluded by adherence to Andrea es 
and Gordon’s criteria 

Table IV shows the allocation of the strains among the re- 
defined species and also the association of the characters not 
considered m the division into speoies It is dear that a classifica- 
tion based on pigment production would have given a very different 
result there would have been 93 aureus strains and of these 6 
would be non-hremolysin producers, while of 48 albus strains 14 
would have produced hsemolysm It is interesting that of 12 scurf 
strains only one was V P -positive when tested by the usual method 


Serological investigations 

Immunisation of rabbits Heat killed salino suspensions prepared from 
broth cultures were inoculated intravenously on three successn e days each 
week , every fourth week rabbits were rested and bled for trial purposes 
Immunisation for 3 6 months was usually required to produce sera suitable 
for precipitation reactions The response to one Btrain varied in individual 
nyirrials hut, contrary to Julianelle and Wieghard's experience, this type of 
variation was less common than that of the response to different strains of 
staphylococcus In agreement with Dudgeon and Simpson a feeble response 
was obtained with saprophytes and some pathogenic strains appeared to bo 
weakly antigenic Sera were stored over chloroform m the refrigerator 
and usually kept well for over 12 months 

At the beginning of the investigation some rabbits were immunised 
with a Btrain of Staph pyogenes a (S 33) isolated from a pleural effusion 
and others with a strain of Staph epidermidis (S 34) isolated from healthy 
slan These were called “ A ” and “ B ” strains respectively in accordance 
with the terminology of Julianelle and Weighard , tlieir serological relation 
ship to the strains of these workers was subsequently confirmed For 
roves of rim — rot. xlfi c 2 
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reasons to bo discussed later tho word “ group ” is used instead of “ typo ** 
m descnbmg strains showing serological relationship with one another 

Since tho antigens prepared from certain strains of Staph pyogenes a 
did not react with tho group A sera available, additional rabbits were 
immunised with another member of group A and with three of the strains 
which failed to react with group A sera Babbits were also immunised with 
a scurf staphylococcus (S 41) which appeared to be serologically distinct 
from group A or B strains this strain — S 41 — was provisionally labelled 
group D 

Preparation of antigen In the earlier experiments extracts were 
prepared by heating suspensions of staphylococci in acid and neutralising 
with alkali, the method used by Lancefiold for streptococci and by Julianelle 
and Wieghard for staphylococci Experiments were made to find a method 
which would extract the antigens in a more natural state Suspensions of 
staphylococci in distilled water were kept in the refrigerator and at 37° C 
for prolonged periods and similar suspensions were heated at various 
temperatures for shorter periods Prolonged extraction at 4° or 37° C 
yiolded extracts giving considerable cross reactions, while boiling for 1 2 
hours or autoclaving at 120° C for 15 minutes gave extracts which, on the 
whole, were much more specific In tho later part of the work boiling or 
autoclaving aqueous suspensions of agar grown organisms has been employed 
In all coses the antigen solutions havo been clarified by centrifugation 

Concentration of antigen Considerable variation has been found m tho 
amount of soluble antigen extractable at different times from any ono strain 
(seo table VI) and in many cases it has been necessary to concentrate the 
antigen in order to determine its Berological reactivity This was done bj 
precipitating with 6 or 6 volumes of alcohol and taking up tho precipitate 
in a small volume of saline Partial purification has sometimes been made 
by precipitation with aoid and re precipitations with alcohol In the whole 
series it was necessary to prepare concentrated antigens of 48 strains (inolud 
mg 21 unclassified strains) before the serological reactions could be studied 
satisfactorily 

Precipitation reactions Sera were diluted in saline (usually 1 10) and 
0 25 o o placed in a senes of small tubes antigen dilutions (threefold m n 
preliminary orientation) were made in saline and were added in equal 
volume The tubes were shaken ond placed in a water bath at 56® C 
Headings were made after four hours and after standing over night at room 
temperature Ring tests were made occasionally in narrow tubos, particularly 
when it was desirable to economise absorbed sera 

Precipitation reactions of 157 strains of staphylococcus 
Antigens were prepared from the 140 strains described m the 
previous section and from 11 additional strains of Staph pyogenes a 
whose biochemical reactions had not been completely studied 
The method adopted was to put up each intigcn against group A 
and group B sera and if no reaction was obtained to test it with 
sera prepared against other strains Strains which could not be 
classified by this procedure were reinvestigated by means of a fresh 
preparation of antigen, concentrated if necessary A number of 
strains could be classified by the use of tw o sera, a smaller numbei 
had to bo put up against additional sera, while absolution had to 
be resorted to when antigens reacted with sera of more than one 
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group The main difficulty experienced was with certain group B 
sera which reacted with antigens of group A strains • it was possible 
however to absorb out the cross-reacting antibody with a group A 
antigen, leaving precipitins for group B strains almost intact 

In table V are summarised the results of an experiment in 
winch extracts of 7 strains were put up against 4 different anti- 
sera , the maximum precipitation observed is shown, irrespective 
of the antigen dilution The group C serum was prepared by 
immunising a labbit agamst a strain of Staph pyogenes a (S 8) 
winch reacted feebly or not at all with group A sera Tins serum 
was unsatisfactory in that it reacted only feebly with extracts of 
the 'homologous strain, and absorption with an extract of S 11 
(group A) removed precipitins for the homologous strain S 8 as 
well as for group A strains Smce the strain S 8 appeared to be a 


Table V 

Maximum precipitation between various antigens and four antisera 
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+ to + t + — = increasing degrees of precipitation 
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poor antigen, rabbits weie immunised with a strain S 80 which 
was thought to be antigenically similar A trial bleeding of one 
of the rabbits yielded a serum winch reacted strongly with the 
homologous antigen The reactions obtained with this serum and 
two group A sera "with extracts of S 11, S 33 and S 80 are recorded 
m table VI 

With serum 8G (group A) the extract of S 80 gave a small 
compact granulai piecipitate which was quite different from the 
usual bulky flocculation seen m these reactions Juhanelle and 
Wieghard noticed the formation of granular precipitates with 
heterologous antbera and it is suggested tentatively that such 
reactions may be due to some species antigen and antibody 
Table VI aho shows the different reactions obtained with two 
extracts of S 11 and differences between S 11 and S 33 . whether 
the latter are greater than those observed with different prepara- 
tion*' of the same strain is uncertain The reactions as a whole can 
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be explained by postulating either that all strains have a species 
antigen in common and that S 11 and S 80 have different group 
antigens, or that S 11, S 33 and S 80 have eaoh at least two 
antigens in common but m varying proportions If the antigens 
■ncie named x and y then S 11 could be represented as having x 
and y in equal proportions, S 33 having x as the major antigen 
and only a small amount of y, while S 80 would have mostly y and 
a smaller amount of x 


Table VI 

Precipitation reactions between extracts of three strains of 
Staph pyogenes a and antisera prepared against them 


Lxtmct of strain 

Serum (strain used for Immunisation indicated In brackets) 

60 (S 33) 

B 143 (S 11) 

B 184 (S 80) 

S 11a 

+ + + T 

++++ 

++++ 

S lib 

+ 4 * 

+++ 

+ 

S 33 

++++ 

+++ 

— 

S 80 

+ + G 

+ + T 

++++ 


a and b — different extracts of S 11 

6 = compact, granular precipitation 


It is not proposed to discuss the antigenic structure further, 
as the work at this stage does not justify any definite conclusions 
being made The relationship and differences between S 11, 
S 33 and S 80 have been introduced to justify the tentative 
assignment of strains resembling S 80 to a group distinct from A 
The shde agglutination technique enables dear differentiation to be 
made between these strains, and sub-groups or *' types ” can also be 
determined by this method Further consideration of this method 
w ill be deferred until a larger number of strains has been examined 
Antigens of certain other strains of S pyogenes a were not 
precipitated by sera of groups A, B, C or D, or reacted only feebly 
with group A or C These strains have been placed provisionally 
intli the group 0 strains, a procedure wluch seems justified until 
the subdivision of these strains and their relationship to group A 
strains is clarified by further work 

Antigens of strains of species other than S pyogenes a and 
S pyogenes aj3 wluoli have not been classified by preeipitin reaotions 
have been collected into a heterogenous group X 

Source of strains and serological grouping 
In table VII the sourco of the 157 strains is correlated with 
the serological grouping obtained by means of the precipitation 
reaction Under the heading of “ urine, infected ” are classed 
those strains which were present m sufficient numbers to bo seen 
on direct examination of smears of catheter specimens, generally 
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in more than one specnnen from the same patient Those included 
under “ unne, contaminated ” could not he found m the urine 
in this way 

Tabee VH 


Serological grouping of 157 strains of staphylococci from various sources. 


Source 

Serological group 


Remarks 

A 

B 

C 

D 

X 

Human 







Skin, healthy 

0 

1 

0 

0 

2 

Includes boils and 

„ infected 

22 

3 

6 

1 

n 

Conjunctiva, normal 

0 

1 

0 

0 

H 

carbuncles 

,, infected 

5 

1* 


0 


* Gonococcal con- 

Vagina and cervix 

3 



■ 


junctivitis 

Nose and throat 

16 






Pus 

29 






Unne, contaminated 

0 

Kfl 





„ infected 

3 

H 



0 


Total human strams 




3 

9 


Other sources 







Dog 

0 

3 

0 

0 

1 


Horse 

3 

0 

0 

111 

0 


Cow (including milk) 

6 

0 

0 

■ll 

0 


Sheep (1), rabbit (1) 

2 


0 

0 

0 


Guinea-pig (1), mice (3), hen (3) 

0 

n 

0 

0 

7 


Foodstuffs etc 

6 

m 

0 

0 

4 


Total animal and miscellaneous 

17 

3 

0 

0 

12 


Grand total 

95 




21 



Strains of animal origin fell mainly into group A but 3 of the 4 
dog strains were group B and one strain was unclassified Gibbs 
(1936) was able to differentiate avian from human strains by 
means of precipitin tests and 3 avian strains in this senes did 
not react with sera prepared against human strains 

Of the 95 strains in which A was the predominant antigen 77 
were classified by testing crude extract against two sera only 
With the other strains either concentration of antigen or absorption 
of sera or both u as necessary 


Correlation of the biological and serological classifications 
of staphylococci 

The relationship of the serological classification with that 
described in the first section of this paper is shown m table VIII 
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Strains falling into group A and tho provisional group C uere 
all a hoemolysm producers while 12 produced /3 htcmolysin in 
addition It should be pointed out that the reaotion m these 
gioups was not between toxin and antitoxin since the majority 
of the antibactenal sera did not contain a antitoxin above the 

Table VIII 

Correlation of the biological and serological classifications of staphylococci 



Serological group 

A 

B 

C 

D 

X 

S pyogenes a 

84 

0 

14 

0 

0 

S pyogenes a/3 

11 

0 

1 

0 

0 

S pyogenes /3 

0 

3 

0 

0 

1 

Scurf staphylococci 

0 

3 

0 

2 

7 

S epidermtdis 

0 

17 

0 

1 

13 


normal level (Downie, 1937) Group B comprised 3 canine strains 
of S pyogenes ft and 20 saprophytio strains of human origin Only 
3 strains fell into group D, one each from infected urrno, vulvitis 
and the cervix The group of unclassified strains contained 
apparently saprophytio strains of human origin and a number of 
animal stiains apart from the canine strain of S pyogenes ft 
it is uncertain what part these unclassified strains of ammal origin 
played in the morbid processes from winch they were isolated 
The avian strains were from the fieces of apparently normal foil Is 

Discussion and summary 

A classification based on that of Andreives and Gordon but 
modified chiefly by the inclusion of hasmolysm production has been 
used in a subdivision of staphylococci Since it is doubtful if 
much is to be gamed by a subdivision of the non-licemolysin- 
producing strains into different species, the epidermtdis and 
sahvarms spocies of Andrew es and Gordon liavo been combined 
under the specific name epidermtdis, while all non-h'emolytic strains 
which fermented mannitol have been included with the scurf 
staphylococci irrespective of the liquefaction of gelatin Tho slight 
taxonomic value of gelatin liquefaction m this senes may possibly 
be explained by the fact that only a qualitative difference was 
recorded, no account being taken of the rate of liquefaction 

The litemolysm for rabbit cells probably corresponds to 
a toxin, although in certain strains it may bo the y lifcmolysin 
desenbed by Smith in a communication to the Pathological Society 
of Great Bntain and Ireland in January 1937 Morgan and Graydon 
(1936) liavo separated a toxin into two components, both of which 
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hsemolyse rabbit cells : of the toxigenic strains examined by them 
all produced a x toxin (the toxin neutralised by standard antitoxin) 
while about two-thirds produced a 2 toxin The hot-cold lysis of 
sheep cells appears to be a property of ft toxin (Glenny and Stevens, 
1935 , Bryce and Rountree, 1936) of the 16 strains showing this 
phenomenon only 3 were of human origin and all three produced 
rabbit cell lysin in addition 

Examination of the metabolic activities has shown an absolute 
correlation between hsemolysm (a and ft) and coagulase production 
as suggested by Cruickshank (1937) the latter appears to offer the 
simplest criterion for pathogenicity as understood at the present 
time. 

The precipitation reactions showed that the majority of strains 
of S pyogenes a and S pyogenes aft fell mto one serological group 
There were, however, 15 strams which could not be classified 
satisfactorily with the sera available For the moment these have 
been grouped together, although there is a possibility that this 
group will prove heterogeneous on further study Non-hsemolysin- 
producmg staphylococci appear to be more heterogeneous serologi- 
cally . while 20 of these strains could be placed m one group and 
3 into another, the remaining 20 strams were not classified 

The assertion of Juhanelle and Wieghard that staphylococci 
can be divided into two groups by precipitation reactions requires 
modification This has already been suggested by the work of 
Thompson and Khorazo (1937), who found evidence for at least 
one other group among the non-pathogemc staphylococci, and the 
work reported here mdicates that further subdivision of the patho- 
genic strains may be possible 

Numerous workers including Hme (1922) and Julianelle (1922) 
have shown that staphylococci can be divided mto a number of 
serological types by means of agglutinin absorption It has been 
found by shde agglutination that S. pyogenes can be divided into 
at least three distmct types and possibly seveial sub-types showing 
only minor differences in antigenic structure Saprophytic strams 
are much more heterogeneous when examined by this technique 
In conformity with the terminology used m connection with the 
streptococci, it is suggested that the division made by the precipitin 
reaction should be defined as a series of “ groups ” leaving the 
nay open for further subdivision mto “ types ” Thus the type A 
of Julianelle and Wieghard would become group A Of the strains 
received from Julianelle, both his A strains fell into group A of this 
investigation but antigens of only one of Ins B strains were pre- 
cipitated by the group B <«crn ; extracts of the other B strain 
rccci\ ed m ere not precipitated by any of tlio ‘-era so far prepared 
Confusion of results due to agar precipitms (Morgan, 1936) has 
been n\ oided by using only suspensions of broth-grown organisms 
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for the immunisation of rabbits Multiplicity of antigens m 
staphylococci ahd phage-resistant variants has been shown by 
Burnet and McICie (1929) and in the experiments recorded hero 
the cross reactions shown by certain sera suggest either that these 
sera possess speoies m addition to group antibody or possibly that 
there is among staphylococci a sharing of antigemo constituents 
in varying proportions similar to that postulated for organisms of 
the Brucella group by Wilson and Miles (1932) 
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616 61 — 002 4 616 — 022 7 (Staphylococcus) 

EXPERIMENTAL SYMMETRICAL CORTICAL NE- 
CROSIS OF THE KIDNEYS PRODUCED BY 
STAPHYLOCOCCUS TOXIN A STUDY OF 
THE MORBID ANATOMY AND ASSOCIATED 
CIRCULATORY AND BIOCHEMICAL CHANGES 

S De Navasqutz 

From the Department of Pathology, Ouy’s Hospital Medical School, London 

(Plates n -IV ) 

Renal changes in rabbits following the injection of filtrates from 
cultures of staphylococci have been described on several occasions, 
but the anatomical similarity of the lesions to those of symmetrica] 
cortical necrosis of the kidneys in human beings appears to have 
been overlooked Neisser and Levaditi (1901) produced an ischuemio 
necrosis of the outer renal cortex m rabbits by intravenous injection 
of 1-5 c 0 of a filtrate from a culture of staphylococcus which was 
rich in lisemolysin and leucocidm They considered the lesion to 
be specific to staphylococcus to\m Porssman (1932) described 
total necrosis of the renal cortex m rabbits following the injection 
of similar filtrates, while more recently VonGIahn and Weld (1935) 
produced similar lesions in rabbits and cats, which they ascribed 
to mjuiy of the renal arterioles by the toxin of Staphylococcus aureus 
In a previous communication (De Navasquez, 1936) the changes 
present in twelve cases of symmetrical cortical necrosis of pregnanoy 
were fully desonbed As a result of the histological investigations 
made, it was concluded that the pathogenesis of the lesions con- 
sisted of a primary toxic necrosis of the intralobular artenes and 
their afferent arterioles winch resulted m a secondary lschremic 
neciosis of the cortex supphed by those vessels Since the renal 
lesions in staphylococcal toxsemia in rabbits strongly resemble 
those seen m human cases of cortical necrosis of pregnanoy, it 
was hoped that the experimental study in rabbits would test these 
conclusions as to tho priority of the vasculai lesions and elucidate 
further tho origin of the arterial necrosis 

This experimental study fell into two parts The first, primarily 
morphological, was concerned with the anatomical and histological 
appearances in tho kidneys of rabbits with staphylococcus tox'emia 
and the relation of these changes to those found m tho kidneys of 
47 
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human beings dying with symmetrical cortical necrosis of pregnancy 
The seoond was concerned with the functional changes in urinary 
secretion occurring both early and late in staphylococcus toxaemia, 
with special reference to the hearing which these changes might 
have on the pathogenesis of the condition The investigation 
therefore required the combination of histological studies with 
certain functional tests on a senes of rabbits surviving for various 
lengths of time after the injection of staphylococcus toxin 

Methods 

Animals Young male and female rabbits of approximately 2 kg weight 
were kept m metabolism cages arranged for the collection of urine 

Toxin The toxin employed was very kindly supplied by Dr H. J Paush 
of the Wellcome Physiological Research Laboratories, to whom I am indebted 
for the following particulars Staphylococcus toxin B 8458, “ Wood 46 ” 
strain Contains a hsemolysin only, with an M H D of 1 32 when mixed 
with an equal volume of a 2 per cent suspension of rabbit red cells Com- 
bining power equivalent to 4*8 units of antitoxin per c c of toxin Rabbit 
intravenous test 1 c c kills a 2 kg rabbit in 30 minutes 

Dosage In order to allow the rabbits to survive sufficiently long for 
renal changes to develop and death to occur from urcemia, smgle doses of 
0 2 -CP 4 c c per kg of body weight were injected intravenously. Animals 
either died or were killed at varying intervals after a smgle injection 

Histology The kidneys were weighed and examined histologically 
Both radial and tangential serial sections were made so as to include as 
many vessels as possible in cross section, and also to follow any changes in 
the arteries throughout their course m the cortex. 

Controls Control experiments were carried out on rabbits injected with 
toxin inactivated by heat, which destroyed the hsemolysin 

Renal function Tins was estimated by examination of the daily output 
of unne, the blood urea and the phenol red excretion test (Peters and 
Van Slyke, 1932) The animals were cathetensed before the test and again 
at hourly intervals after the injection of dye 

Blood pressure estimations These were carried out by the method devised 
by Grant and Rothschild (1934), which consists of an air-tight capsule 
fitted over the central artery of the rabbit’s ear and connected with a 
mercury manometer The ear was previously denervated to ensure complete 
vaso-dilatation of the artery, which was then compressed by pressure from 
a rubber bulb connected to the capsule This device gave a reliable measure 
of the systolic arterial pressure 

Blood sugar Blood sugar estimations were made by the Folin-Wu 
method 

Estimation of iron m the kidneys After sudden death of the rabbit, 
caused by an intravenous overdose of nembutal (200 mg ), the abdomen 
was immediately opened and the renal vessels clamped. After stripping the 
perinephric tissues the kidneys were weighed The left kidney was then 
minced and dried at 105° 0 and the amount of non estimated by 
Powweather’s method (1926). 

Adrenalectomy This operation was conducted under hght nembutal and 
ether ansesthesia The right adrenal was removed first and the left about 
a week later A sufficient number of rabbits recovered from total adrenal- 
ectomy to survive for 6-10 days to allow the study of the development of 
staphylococcus toxin renal necrosis 
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Part I Morbid anatomy and histology 

A \udo degree of variation m the susceptibility of individual 
animals to the samo dose of toxin was encountered Some died 
within a feu hours of injection, presumably from the acute 
oiroulatory failuro described by Kellaway, Burnet and Williams 
(1930), whioli consisted of an aouto fall in blood pressure duo to 
obstruction m tho pulmonary circulation Others died a few days 
later with well marked renal lesions and uncmia 

Changes m the kidneys 

Tho anatomical findings in the kidnoys are considered m order 
of time of survival 

31 hours Six rabbits died and eight uere killed at various 
intervals up to 31 hours after injection At autopsy all the animals 
had enlarged kidneys weighing up to 80 per cent more than 
normal The only anatomical ohanges visible were in the outer 
layer of the cortex, which showed various degrees of patohy or 
diffuse congestion (fig 2) 

On histological examination the parenchyma was unafieoted, 
but the arterial tree from the intralobular arteries of 150 /u diameter 
to tho capillaries of the glomerular tuft was dilated and engorged 
(fig 7), the internal elastic lamma appearing stretched and thinned 
with loss of its usual wavy outline The mtimn, media and 
adventitia appeared normal The lumen was densely paoked with 
red cells, which were also very conspicuous in the glomeruli supphed 
by these vessels In these glomeruli the capillaries were swollen 
and the finger-lUce projections of the normal tuft were expanded 
to resemble a globular mass of red cells tending to form rouleaux, 
but bounded by a stretched but intact endothelium The 
oapsular space was partially or completely obliterated, while the 
capsular epithelium appeared normal These engorged glomeruli 
contrasted strikingly with the normal glomeruli m the unafieoted 
cortex Thrombosis was absent throughout the affected arterial 
bed, whose mam feature was that of extreme dilatation The 
usual separation of individual cells by plasma was absent These 
ohanges were either confined to scattered groups of glomeruli and 
afferent arterioles or were present throughout the outer two-thirds 
of the cortex The mam branches of the renal artery appeared 
normal 

3 1—7 hours Four animals died and five -were killed in this 
period All showed similar changes to those already described 
(fig 3), while, m addition, four whioh were killed at 4J, 51, 5| and 
7 hours respectively showed histological changes m the media of 
the intralobular arteries and afferent arterioles (fig 8) The media 
had completely lost its cellular structure and consisted of a 

JOUH3 OF PATH — VOL XLTI T> 
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homogeneous eosinophilic matrix in which red cells could be clearly 
distinguished This dissolution of the media was unaccompanied 
by any inflammatory response or necrosis of the rest of the arterial 
wall The mtimal endothelium appeared loose but was otherwise 
normal The mternal elastic lamma was stretched and minute 
interruptions were discernible in its continuity The adventitia 
was intact The presence of numerous red cells in the spaces 
between the remains of the muscle fibres of the media was the 
most striking feature of the arterial lesion at this stage The vessel 
lumen was grossly dilated and filled with masses of red cells which 
also packed the capillary loops of the glomeruli An occasional 
red cell could be seen in the glomerular space, though the capillary 
endothehum still retamed its outline. Thrombosis was never 
observed m any vessel The parenchyma at this stage was devoid 
of any marked changes The convoluted tubules were partially 
dilated and filled with a clear pale eosinophilic fluid Their 
epithelium appeared swollen and granular at 7 hours, but the 
nuclei were normal and showed no evidence of pyknosis 

12-24 hours. Five animals died m this period The arterial 
lesions had increased in severity m that red cells could now be 
seen m the adventitia, which was disintegrating arid causing 
peri-artenal haemorrhage The mtimal endothehum had been shed 
and the mternal elastic lamina was fragmented, though it retamed 
its staining properties and rough outline. The red cells had begun 
to lose their bright red staining with eosm and had assumed a 
yellowish tinge A tendency to conglutmate was noticed, especially 
m the glomeruli and m the centre of the lumen of the mtraiobular 
arteries and aitenoles, but fibrin and platelets were absent The 
epithehum of the peripheral cortex supphed by these vessels showed 
every stage of ischaemic necrosis, with retention of the gross tubular 
architecture and famt cellular outlines as m areas of early haemor- 
rhagic mfarction The naked-eye resemblance to red infarcts was 
even more marked (fig 4) The affected areas were raised, firm and 
red, and were confined to the outer two-thirds of the cortex In 
some cases the lesion was diffuse and continuous throughout the 
peripheral cortex, while in others the lesions were focal and 
separated by areas of normal cortex The mter-medullary cortex, 
boundary zone, medulla and pelvis were normal 

24 hours-8 days. Seven animals were killed and two died in 
this period From 29 to 46 hours the necrotic areas had receded 
shghtly and were surrounded by well defined zones of congestion 
(fig 5), with well marked leucocytic infiltration m the later stages 
The mtraiobular arteries and afferent arterioles still retamed their 
outline by reason of their elastic tissue (fig. 9), which was the most 
resistant element m the artenaJ wall and could be recognised 
throughout its length from the interlobular arteries of the boundary 
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zone to nothin a few ft of the glomorular capillaries From the 
intralobular arteries of approximately 150 /t diameter to the termina- 
tion of the afferent arteriole, except for a very short distance of a 
few ft boforo the arteriole divides into the glomerular capillaries and 
where the elastica normally disappears, the clastic tissue could 
bo recogmsod as blaok threads and fragments m sections stained 
with Weigert’s elastic stain {fig 10) A few endothelial cells were 
still intaet, though the majority had been shed The media and 
adventitia were now replaced by nuclear and oytoplasmic debris 
in whioh polymorplis and maorophages were present The lumen 
of the affected arterial stretch was filled in its terminal portions 
with conglutmated rod cells (fig 10) , these had fused to form 
solid, pale and discoloured masses in which the faint outhne of 
red colls could still be seen at the periphery In the intralobular 
arteries of increasing diameter (50-150 ft), these conglutmated 
masses showed a tendency to occupy the centre of the lumen, 
leaving the margins free Conglutination was also less compact 
in the larger artencs, where spaces between the more brightly 
staining red cells could be seen 

From 48 hours onwards, the complete picture of symmetrical 
cortical necrosis as usually seen in human beings was reproduced 
(fig 6) The necrotic cortex was now pale, yellow and soft and 
its demarcation from the normal cortex sharply defined It was 
noticeable that in this group the lesion was usually of the diffuse 
type The depth of the unaffected cortex from the boundary zone 
to the margin of the necrotic area varied in different animals, but 
was usually a third or loss of the total cortex (fig 11) Both the 
vasculature and the parenchyma of thiB cortico-medullary zone 
were invariably normal The collecting tubules in the medulla 
were sometimes filled with clear eosinophilic fluid, but no epithelial 
oasts were seen at any time All the oases m tins group had a 
high and increasing blood urea, with obguna, and when not killed 
at an earlier stage died from uriemia One animal (no 89) hved 
for 8 days after a single injection of toxin and finally died with a 
blood urea of 670 mg per cent This was the longest period of 
survival and tins rabbit continued to secrete a fair quantity of 
urine daily At autopsy, the kidneys, although enlarged, showed 
irregular depressed areas, firm and pale grey m colour, which were 
surrounded by zones of apparent congestion These areas weie 
confined to the peripheral cortex and proved on histological 
examination to be mfarots winch were undergoing organisation 
Macrophages and fibroblasts were abundant in the penpherj of 
the necrotic areas and organisation was proceeding rapidly towards 
the centre The arteries m tho affocted areas wore undergoing a 
similar process of repair, then: walls consisting of a thick lajer of 
young fibroblasts concentrically arranged around a central lumen 
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containing blood. It was difficult to recognise any individuality in 
the various layers of the arterial wall, as the encircling cells failed 
to show any differentiation with van Gieson’s stain, although a 
few collagen fibrils could be seen in the position of the adventitia 
Repair was evident round the entire margin of the area supphed 
by the affected artery The glomeruli showed crescent formation 
m the capsular spaces, consisting of proliferating epithelium and 
fibroblasts which were invading the glomerular tuft, causing its 
adhesion to the capsular membrane The histological picture bore 
a strong resemblance to that seen in the second stage of glomerulo- 
nephritis and denoted a similar process of repair The intervening 
nephrons, which had escaped the necrosis, showed few changes from 
normal The glomeruli were filled with blood and the convoluted 
tubules dilated The collecting tubules contained eosinophilic 
gianular debris only. 


Changes m other organs . 

The suprarenals were the only organs other than the kidneys 
to show lesions referable to the direct action of the toxin An 
increasing proportion of animals which survived more than 12 
hours showed changes in both cortex and medulla The lesions 
in the cortex consisted of isolated patches of necrosis, usually 
confined to the periphery. These were probably ischsemic in 
origin, as cytoplasmic outlines were still visible and were occasionally 
accompanied by eapillaiy haemorrhage. The necrotic areas were 
rounded and sharply defined by a zone of leucocytes from the rest 
of the cortical tissue, which presented no abnormality The extent 
and seventy of the necrosis vaned, but it seldom involved more 
than a small proportion of the total coTtex 

The changes m the medulla were more constant and were 
invariably associated until the hyperglycemia which followed the 
injection of toxin By means of the staining method described 
by Ogata and Ogata (1917) it was possible to gauge the amount 
of adienalin present in the chromaffin cells of the medulla There 
was a marked reduction in the nonnal content of adrenalin (c/. 
figs 12 and 13) These changes could be attributed to the adrenalin 
release since animals which received inactivated toxin showed a 
nonnal adrenalin content. No other changes were seen in the 
medulla 

The liver in animals winch were allowed to die sometimes showed 
** nutmeg ” changes due to passive congestion, probably the result 
of a fall in arterial pressure The bladder was usually empty, 
though in some animals clear urine v as present in variable quantity. 
The other viscera, including heart, lungs, pancreas and spleen, were 
carefully examined for evidence of arterial disease but were always 
nonnal on liistological examination The peritoneal cavity some- 
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times showed an excess of dear fluid, but oedema of the cellular 
tissues was absent 

Anomalous cases 

There was a group of animals, five m all, which showed func- 
tional ohanges such as hyperglycsemia, nitrogen retention, oliguria 
and albuminuria and which were expected to develop renal lesions 
These changes, however, appeared to be transitory, and at autopsy 
there was no evidence of structural renal disease An attempt to 
interpret these anomalies is made in the next section 

Part II Circulatory and biochemical changes resulting 

FROM INJECTION OF STAPHYLOCOCCUS TOXIN 

For a proper understanding of the pathogonesis of the renal 
lesions following injection of staphylocoocus toxin, it soon became 
clear that functional rather than morphological investigations 
would be required to elucidate the earlier stages Certain of the 
functional disorders investigated, such as alterations in the rate 
of unne production and in the rate of damnation of phenol red 
from the circulation, appeared to be essentially renal in origin 
Other disorders, however, seemed to originate outside tho l.idnojs, 
and of these the most important, in view of certain ourront hypotheses 
on the pathogonesis of tho related human condition, seemed to bo 
an excessive release of adrenalin with resulting changes in nrtcnal 
blood pressure and blood sugar A careful comparison of tho 
times of onset of these measurable functional changes with tho 
times of development of the earlier structural changes described 
in part I is an essential preliminary to an understanding of the 
pathogenesis of tho condition 

1 Changes in arterial blood pressure following injection of 
staphylococcus toxin tn normal and adrenalcctomised rabbits 
Tho systolic blood pressure, when measured bv Grant and 
Rothsclnld’8 method m tho central artery of tho donervated rabbit’s 
ear, varied considerably from ono animal to anothor, but remained 
fairly oonstant in any individual animal under tho samo conditions 
of warmth nnd rest Tho normal blood pressure in tho denervated 
ear varied between 48 and 82 mm Hg in different anunnls a 
undo variation which may have boon duo to tho rabbits being 
mostly young nnd of different broods nnd sexes Differences m tho 
awe of tho central artery may also !ia\o had some effect 

So far as tho pathogonesis of tho renal lesions is concerned, the 
only blood pressure changes needing consideration nro those taking 
placo prior to tho onset of mednl necrosis in the small nrtcries 
i c in tho 5 or G hours fallowing injection of toxin Of five animals' 

10CW or rjiru -voi. im „ 
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normal except foi ear denervation, whose arterial pressure was 
measured every 3 or 10 minutes after injection, one (no. 56) was 
found to have developed typical cortical necrosis when lolled 
30 hours later The lmtial pressure of 48 mm. fell to 35 mm 
five minutes after the injection, rose to a maximum of 61 mm. 
tlurty-fivc minutes later, and returned to its initial level of 48 mm 
after tlnee hours Between 3 and 50 hours after the injection, 
variations of a few mm only weie recorded The four remaining 
lahbits (nos. 64. 63, 66 and 67) were killed before cortical necrosis 
had had time to develop Though their glomeruli showed the 
characteristic histological picture of capillary congestion, their 
arterial pressures, as can be seen from table I, showed even less 
variation than did no 36. 

Table I 


Effects of injection of staphylococcus toxin in five normal rabbits. 


1 ill! It 
ip. 

Interval liefort 
<l<*itli 

Bl» 

(mm ) 

nr 

Min 
(mm ) 

BP 
Max 
(mm ) 

Hi«tolopj 

rit 

(per 
cent ) 

Fc 

(mu) 

fall 

r>r» mm« 


"1 

76 

Glom congestion 

S 

0 99 

64 

2 hr- 3 mms 

74 

62 

HEM 


44 


«>7 

2 lir= 40 mins 

72 

64 

68 

' 

7 

WfMtM 

O'. 

2 lirs 47 mins 

S2 

55 

92 

.. „ 
Cortical necrosis 

11 


i 71, 

70 lirs 

48 

1o 


5 

. 


U P - blood pressure X — before injection Min = minimum pressure nfter 
tnjution Mn\ --- maximum pressure nfter injection PR = phenol red excreted 
1> — iron content per 1 g of dried kidnec 


Five rabbits survived bilateral adrenalectomy sufficiently long 
for the action of the toxin to be investigated One (no 37), 
adrenalectomiscd one day beforehand, (bed 46 hours after the 
injection of 0 23 e c of toxin per kg with typical symmetrical 
cortical nccrosts of the kidneys There was persistent anuria 
following the toxin and the animal had a terminal blood urea of 
.'.33 mg. per cent The arterial pressure, 62 mm. before adrenal- 
ectomy, fell to 43 mm. after that opeiation but before the injection 
of tlu* toxin The lowest pressure recorded during the five hours 
following the toxin injection was 41 mm and there was no subse- 
quent rise. Aftoi the first 24 hours it was impossible to obtain 
orcvMire measurements. Another rabbit (no 61) died nearly 
n hour-, after injection and was found to show diffuse medial 
of its intralobular and afferent arterioles Its arterial 
pre-sure after adrenalectomy but before injection of toxin was 
<*/* nun , after injection it never fell below 36 mm. nor rose above 
*"*S mm Otlur particulars of this animal will be found in table II. 
An uitopsy «.w performed immediately after death. The kidneys 
-h'.v.iii interns, » red nmttlmg of the outer cortex, partly from 
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retention of phenol red, partly from vascular congestion The 
bladder was empty The adrenal sites showed no remnants of 
these glands, either grossly or microscopically The three remain- 
ing adrenalectomised rabbits also showed no nse in arterial pressure 
following injection of toxin Though they survived more than 
24 hours, none developed cortical necrosis 


Table n 

Protocol of rabbit no 01 


Time 

Blood pressure. 

Blood sugar 

Blood urea 

10 20 A M 

60 mm 

108 mg per cent 

78 mg per cent 

The animal was cathetemod and then 0 3 c c of toxin per kg +1 c c phonol 
red were injected intravenously 

Time 

BJ* (mm) 

B8 (mg) 

B U (mg.) 

P It 

brine excreted 
(eo) 

10 25 A m 

10 46 „ 
1120 „ 

12 20 noon 

1 30 p 3i 

4 0 „ 

4 5 „ 

n 

105 

74 

72 

112 

133 

10 per cent 
Traco 

Nil 

2 

02 

0 1 

Nil 


2 Changes m blood sugar following injection of staphylococcus toxin 

Blood sugar curves were obtained on 30 rabbits wlucli had been 
kept without food for the previous 24 hours Blood samples were 
obtained just before and at hourly intervals after the injection of 
toxin The resting blood sugar averaged 114 mg per cent with 
a standard error of ±3 mg per cent Ten control rabbits winch 
received injections of inactivated toxin maintained their initial 
level, the mean of their estimations at the third hour being 
112±4 * mg per cent Fifteen rabbits which received active 
toxin showed rises to a mean maximum of 224±16 * mg per cent , 
tho peak usually occurring between the 2nd and 3rd hour after 
the injection In these rabbits a gradual return towards tho 
initial level took place during the following 6-10 hours This 
hypeiglycaemie phase was constantly found after the injection 
of active toxin, and 12 of the 10 rabbits showing it died with fullv 
developed cortical neorosis or the characteristic early changes 
winch precede that condition 

In contrast to tho findings of Dclafield (1931) with Gram— bact- 
eria, no second phase of hypogljcaimia was obsened in any 


Tho errors Appended to tho moons oro standard errors 
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rabbit On tbe contrary, the blood sugar level seldom returned 
completely to its initial figure and in some rabbits a secondary 
rise took place after 24 hours, concomitantly with an increase m 
the blood urea This secondary rise may possibly have been due 
to the accumulation of nitrogenous substances m the blood giving 
fictitiously high “ sugar ” figures (see Holden, 1926) Table IH 
is the protocol of such a case 



Piotocol of rabbit no 

Table III 

15, black female 

Weight 1900 g. 

29/7/35 

11 A M 

Resting blood sugar = 

146 mg per cent 

Urea = 41 mg per cent 

12 A SI 

0 2 c c of toxin per kg intravenously 
Blood sugai = 224 mg per cent 


1 P SI 

^ 220 tt 

39 


2 p si 

*» i> ^ 216 , t 

99 

II = 46 If 99 

4 P si 

39 33 — 180 „ 

99 

99 = 70 99 II 

30/7/35 

11 A SI 

39 99 160 »» 

II 

„ = 220 „ 

4 P si 

99 99 = 176 i) 

II 

fi = 220 fi 99 

5 p si 

Killed The kidneys show ed typical cortical necrosis 


Six rabbits (nos 30, 37, 42, 48, 60 and 61) on which the second 
adrenalectomy had been performed 1 day beforehand failed to 
show any rise in blood sugar after toxin They showed a mean 
figure at the third hour of 104±6 mg per cent , though later a 
small nse of 10 to 20 mg per cent was observed simultaneously 
with a rise m the blood urea The effect of adrenalectomy in 
abolishing the nse m blood sugar following injection of bacteria 
(B proteus and B coli) has previously been recorded by Evans and 
Zeckwei (1927) 

These comparative observations on the changes in blood 
pressure and blood sugar and on the development of symmetrical 
cortical necrosis of the kidneys in rabbits following injection of 
staphylococcus toxm, show that adrenalectomy abohshes the two 
foimer, but does not prevent the occurrence of the third It seems 
clear, therefore, that the vascular reactions m cortical necrosis 
cannot be the results of either adrenalin release or of the production 
m the body of any adrenalm-like pressor substance 

3 Disturbances of renal function folloiomg injection of 
staphylococcus toxin 

These disturbances were indicated and measured by ( 1 ) altera- 
tions in the quantity of unne excreted , (n) the presence of abnormal 
constituents m the urine , (m) the excretion rate of phenol red , 
(iv) a nse m the blood urea concentration 

(i) Alteiations in the quantity of urine excreted The quantity 
of urine excreted by a normal rabbit vanes from day to day but 
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under standard conditions of diet and room temperature is about 
50 c c daily Even under these conditions the output per hour 
varies too much from the average of about 2 c c to be a rehable 
index of changes taking place m renal function over short periods 
The alterations m quantity after injection of toxin were, howover, 
so great that they fell well outside the normal range Twenty-three 
rabbits out of 37 showed either anuria or oliguna, 12 of them 
having empty bladders at autopsy 2-46 hours after injection The 
11 oliguno rabbits showed either a persistent or an intermittent 
reduction in the rate of urine excretion and the specific gravity 
of the unne formed by them was moderately high, 1016 to 1034, 
indicating fair concentration Nine rabbits had some diuresis 
after injection of toxm Though the kidneys of these animals 
subsequently showed cortical necrosis, the specific gravity of the 
urine produced during the period of diuresis was not markedly 
reduced, indicating that the concentratmg power of the residual 
unnecrosed cortex w as well maintained 

(u) Presence, of abnormal constituents in the unne Sugar and 
albumin were usually present m such urine as was formed during 
the first 12 hours after injection Unne formed later was usually 
sugar-free but contmued to contain albumin m small amount 
Red cells and leucocytes were only occasionally present m the 
centrifuged deposits 

(m) The excretion rale of phenol red This was done on male 
rabbits only, since they can be cathetensed much more readily 
than females The test was performed by the intravenous injec- 
tion of 1 c c of a 0 6 per cent solution of phenol red, and was 
usually carried out on the rabbit both in its normal state and after 
injection of the toxm, the former serving as an individual control 
on the latter The bladder was emptied by catheter 1 hour and 
2 hours after the injection of the dye and the amount excreted 
m 2 hours expressed as a percentage of the amount ongmallj 
injected For purposes of comparison, the 2-hour percentage figure 
was preferred, partly because phenol red is excreted more slowly 
m the rabbit than in man and seldom appears in their urine, even 
under normal conditions, under 30-40 minutes, partly because o\er 
the longer period any divergencies from the normal become moro 
apparent 

Eight noimal rabbits excreted between 64 and 96 per cent of 
the injected dye m 2 hours, with a mean of 82 per cent In 15 
toxin-injected rabbits wluoli received a simultaneous injection of 
dye, the amount varied from ml in those which beoamo anuric to 
44 per cent in those with diuresis, with a mean for tho whole group 
of 16 per cent At autopsy tho peripheral part of the cortex of 
these rabbits was deeply stained bright red, in a diffuse or focal 
manner according to the distribution of tho necrosis, but the inner 
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enrtieo-medullan rone always lemaincd unstained The medulla 
nnd pelvis were also unstained. Unfortunately it was not found 
possible, even by the use of alkalinised frozen sections, to determino 
at vlmt level m the affected nephron the dye was being retained. 

(n) The rise in the blood urea concentration Though the rise 
in blood urea concentration is a late manifestation of the injmies 
produced by the action of the toxin, and indeed only becomes 
significant long after the first morphological changes are apparent, 
its determination provides a good index of the extent, of the renal 
Ic-ion. 1 he blood urea concentration m normal rabbits varies, 
between 25 and 55 nig per cent and may rise as high as 70 mg. 
pci cent after 18 hours' fasting. In the adequately fed rabbit, 
it u-unlly lie 1 ' between 25 and 40 mg. per cent. 

In rabbits injected with staphylococcus toxin, the blood urea 
remained within normal limits foi the first 12 horns, thereafter 
rising with -varying rapidity m different animals to reach figures 
of 200*500 mg per cent m 21 hour*,, and even to figure-, as high 
•is 0()0 nig per emit, after 3 or 1 days Such a rapid increase could 
h trd(\ lie due solely to nitrogen retention resulting from the injuiv 
t-> tin* kidneys • some animals had a blood concentration of over 
t "0 mg per cent m spite of passing as much as 20 c c of urine in 
21 hours, with a speulie gravity of 102 1 and a urea concentration 
of 2 )>or cent. Several other factois were probably concerned 
Indeed it lias alreadj been stated that even after only 48 hours' 
f' sting the concentration was raised appreciably, and, since a 
number of the toxin-injected rabbits were kept fasting for the 
•ir-t two days of the experiment m order not to interfere with the 
sugar curves which were heme obtained at the same time, 
it is pmhihle that pirt of the me was due to fasting with its 
>>mp lining imrvwd hatahohsm. In other rabbits, in spite of a 
OiU di* t and notwuhst ending the anuria with water retention, rapid 
of weight took place In some instances this was as much as 
!° * g a day, wht«h. m i rabbit originally 2 kg in weight, must 
} .\ •* implied gre tl\ im n* ssed tissue breakdown with < orrespouding 
'in ft 1 < in m* s-egt non-, end products m the blood Furthermore 
,* v. noted th»* j *2i hours it was often difficult to obt tin 
v'tirrl 1 !>->d lev-Miw n idmgs The car arteries remained 
< .s- 1 *, vi m*n vft<- will warming the rabbits » uggc*ting i 
*'■ “"V" of c l* ilv« ry fvdnre th->t might well be rc'j»onsibJe f..r pm* 
t ? ** r,k ! ! >Jo -{ nr-, !*\ r being bh»»d flow m flu tuiinfi*** ** >1 
; ’* of* 1 - »« »i't (•,*)*. It is t>ruh <*d\ fur t« n-unr, therefor. 
r! •»* »i > r cn 5 id* it* tv* bbs*l ar> % < «uu*'nfni’i>>n following 
•r , ** * <{> *- to »/ v» -.I ('• *or- tf «-ugft the r. n-d wjtirv 

i" *'•' * l * t * » » 2 'tf »»• i. *■ ;t lj" i't V' 1 
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4 The iron and water content of the kidneys following 
injection of staphylococcus toxin 

Since the pathogenesis of symmetrical cortical neorosis appears 
to be essentially vascular, it is important to obtain as much 
information as possible on the reactions of the renal arteries 
between the time of the injection of toxin and the first appearance 
of parenohymatous changes in the nephrons Previous studies 
on the blood pressure and blood sugar changes following administra- 
tion of toxin, both m normal and adrenaleotomised rabbits, had 
shown that the release of adrenalin or of an adrenalin-like pressor 
substance is not an essential precursor of cortical necrosis On 
the other hand the histological observations on the condition of 
these vessels shortly after toxin had been injected suggested that, 
far from being constnoted, the arteries of the intralobular and 
afferent types were widely dilated 

For the determination of the time of onset and the measuro 
of development of this vascular dilatation, oncometry was contra- 
indicated for two reasons Firstly it entails severe operative 
procedures, and secondly it affords no means of distinguishing 
between changes m kidney volume due to the amount of unne 
present in its tubules and pelvis and those of vasoular origin It 
was therefore decided to attempt to gauge the vasoular changes 
mdireotly by determining the iron content of the kidneys of a 
series of rabbits killed at various times after the mjeotion of toxin 
This was considered reliable if the circulation was “ fixed ” by 
killing the animal rapidly and without struggling, and immediately 
damping the renal pedioles prior to ligating, though it must bo 
remembered that when comparing the normal with the abnormal 
values set out below, a certain percentage of each is derived from 
the renal cells themselves and not from the haemoglobin of the 
blood present in the organ Muir and Shaw Dunn (1914-15) 
estimated the iron content of the perfused blood-free kidney m 
five normal rabbits and found that it averaged 0 27 mg por g of 
dried tissue The kidneys of rabbits so killed wore removed 
without loss of blood and weighed The left ludnoy was dried 
at 105° C for 12 hours and then ground to a fine powder The 
iron content of this powder was determined by Fowweather’s 
method The moisture content could nlso bo determined In 
order to obtain normal figures, determinations were made on 12 
normal rabbits The mean iron content per g of dried kidney 
was found to be 0 45 mg with a standard error of 0 013 and the 
mean moisture content 78 per cent with a standard error of 
0 45 per cent Eighteen rabbits were killed at intervals varying 
from 15 min utes to 20 hours after injection of toxm Its injurious 
effects wero estimated from the excretion rate for phenol red and 



S. DE NAVASQUEZ 


GO 

from later histological examination of the right kidney which 
was not needed for the iron estimation All the animals showed a 
marked reduction in the percentage of phenol red excreted and 
aiumah allowed to survive for some hours showed the histological 
changes of cortical necrosis 

An mcieasc in the iron content of the kidneys seemed to become 
evident about lialf-an-hour after the injection of the toxin, and at 
no time between 15 minutes and 20 hours w-as it observed to be 
below normal limits. Corresponding with the increase m iron 
content, there was also an increase in moistuie The findings aic 
set out in table TV. 

Taulf IV. 

Iron and moisture content of the kidneys in the normal rabbit and 
after the injection of staphylococcus toxin. 


Olo'IJ) 
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0 58 

0>43 
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■» 

7 
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0 01 
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0 92 

0 72 
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i 1 
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S 20 

0 02 
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The results of the*© iron determinations strongly suppoit the 
views previously advanced from the histological evidence, that 
quite early, probably within less than half-an-hour, the renal 
voxels are in a state of dilatation From the large number of 
imevtigations (Knr-ncr and Austin, 1911) which have been made 
upon the period of survival of component renal cells, it becomes 
tkar that, even were a temporary phase of vaso-constiiction 
prf-ont. its duration would be much too short to produce the 
eMcn-ivc parenchymatous legions characteristic of the staphvlo* 
ni'-toxm -prod wed cortical necrosis 


Disci's srox 


'ilie literature of symmetrical cortical necrosis of the kidney 
m man < outrun* three main hypotheses sponsored hv different 
r.n'hor All h tu’ for their basis thrombosis of the affected renal 
4 he y h\m i*ms necrosis hr m;» supposedly «e<ondary 
n ad»jr ,'j is-Vrmia 

d.nic- vr l 'fcu»>e r 11) thought that the tluombo-is 

- ’ < ,>w.| be >.ptMn*«h tontraetjon of the renal \es-eh 

^ r . r a*, f i ) **. ! Ut» to} * h * t the r-t.it* of rhnormal vasomotor 
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by the fact that they fail to occur in adrenalectomised rabbits, 
which later often show quite characteristic vascular and paren- 
chymatous necrosis. The adrenalin hberated appears to be 
responsible for the small rise in blood pressure, and there is every 
reason to believe that renal vaso-constriction takes place as part 
of the more generalised effect , but the constriction is only temporary 
and is not an essential precursor of the necrosis of the arterial media. 
These experiments indicate that toxin does not exert its effect m 
the artenal wall by way of release of adrenalin 

Recalling the three hypotheses outlined above, the possibility 
that the renal arteries enter into a prolonged state of spasm from 
some other vaso-constnctor than adrenalin has been examined by 
determining the iron content and presumably therefore the blood 
content of the kidneys at various times after injection of toxin. 
The results seem to show that no artenal spasm exists sufficiently 
long to bring about ischaemic necrosis of the renal parenchyma 
Indeed, the iron content of the kidneys nses steadily m the first 
few hours after the injection of toxin, a result which can only be 
interpreted as resultmg from an increase m the haemoglobin present 
How an ischaemic necrosis of the cortex could develop under such 
conditions of apparent dilatation of the renal vessels, seems difficult 
to comprehend, but the following hypothesis is suggested as the 
most probable explanation 

After carrying out certain experiments on the rate of production 
of glomerular fluid with changes in the rate of blood flow, Wmton 
(1932) came to the following conclusions “ The resistance to 
blood flow through the isolated kidney increases with artenal 
pressure Tliis is a unique properly of the kidney, for other organs 
show a diminis hed resistance to blood flow at higher pressures. 
This increased resistance of the kidney is probably not due to 
vaso-constnction because in Ringer-perfusion the resistance to 
flow decreases with increased pressure as in other organs. The 
theory of glomerular filtration involves a removal of water from 
the blood in the glomeruli, and consequently the production of 
abnormally viscid blood m the vasa efferentia • . . ” 

The loss of water from the plasma as the blood passes through 
the glomeruli has been estimated by Mayrs and Watt (1922) for 
rabbits as varying from 6 to 36 per cent (average 19 per cent ) of 
its volume, though most of the water is returned to the plasma 
subsequently by reabsorption through the tubules When, as 
after injection of staphylococcus toxin, the afferent and intralobular 
arteries are paralysed prior to their necrosis, the glomerular capillary 
blood pressure must be raised to a level even higher than its usual 
high one, and the loss of fluid from the plasma must presumably 
be correspondingly increased (sec Landis, 1927, p 139). Such a 
In-: of plasma fluid, with consequent corresponding concentration 
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of red corpuscles, must, as Wjnton has suggested, lead to an inorease 
in the viscosity of the blood in the glomeruli and afferent arterioles 
The observations of Trevan (1918) and of Whittaker and Winton 
(1933) show that the viscosity of blood increases disproportionately 
rapidly when the hsematoont exceeds 60 per cent 

The effect of this raised viscosity of the blood in the glomeruli 
and efferent arterioles, together with the raised blood pressure in 
the afferent arterioles resulting from the paralysis of the intra- 
lobular arteries, is to raise still further the blood pressure m the 
glomerular capillaries and inorease correspondingly the loss of 
fluid from the plasma A vioious oirolo thus develops which results 
finally m complete stasis of blood in the glomeruli and their afferent 
vessels as a result of paoking of the red cozpusoles 

Direct evidence m favour of this hypothesis can be obtained 
from the histological appearance of the kidneys in the early stages 
of the lesion The extreme dilatation of the afferent artenes and 
of the glomerular capillaries, which are stuffed with masses of red 
corpusoles without intervening plasma spaces, is a constant finding 
The seventy of the glomerular distension is such as to obliterate 
most of the capsular spaces 

The early stages of the renal necrosis may thus be reconstructed 
The intravenous injection of toxin leads to injury and paralysis 
of the intralobular arteries and afferent artenoles of the glomerular 
capillanes through which plasma fluid is rapidly lost, causing 
concentration of red corpusoles and consequent obstructive stasis 
This stasis persists sufficiently long to bring about the isohamuc 
necrosis of the renal parenchyma 

The initial injuiy to the arterial wall may involve a greater 
or lesser part of the renal cortex, the ensuing anuna, oliguna or 
polyuna depending on the extent of the arterial injury and the 
number of nephrons affected Further, the injury may not always 
proceed to medial necrosis, since a number of rabbits have shown 
all the characteristic early features of cortical necrosis such as 
oliguria, hyperglycscmia and raised blood urea for two or three 
days and have then recovered The lack of histological evidence 
of renal necrosis in such rabbits suggests that the medial injury 
is readily recoverable in its slighter forms 

That staphylococcus toxin has a selective action on the renal 
arteries of rabbits in no way suggests that the same toxin causes 
the symmetrical cortical necrosis m human beings, though it is 
suggested that some agent with a similar vaso-seleotive action 
may be present in pregnanoy or in those rare cases in whioh cortical 
necrosis arises in the course of some specific fever 
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Summary 

Intravenous injection of sublethal doses of Staphylococcus ameus 
toxin containing a litemotysm produces in rabbits symmetrical 
cortical necrosis of the kidneys The toxin causes a slight fall m 
blood pressure followed by a rise, winch is accompanied by hyper- 
glycemia and glycosuria The rise in blood pressure, hyperglycemia 
and glycosuria are due to effects on the suprarenals and are abolished 
by adrenalectomy. This operation, however, does not prevent the 
de4 elopmcnt of lenal necrosis after the subsequent administiation 
of toxin .Areas of necrosis m the suprarenal cortex have been 
desenbed m a number of animals The pathogenesis of renal 
cortical necrosis is discussed in the light of the histological findings 
and functional changes 

Coxclcsioxs. 

1. The priority of the vascular lesion m symmetiical cortical 
necrosis of the kidneys has been established by experiment, 
confirming previous histological findings 

2 The vascular lesion consists of an acute necrosis of the media 
of the intralobular and afferent arteries of the periplieial renal 
< ortox and is unaccompanied by thrombosis 

d The medial necrosis is preceded by dilatntion of the afferent 
arterioles and glomerular capillaries. There is no evidence that 
vn^o-con-t riot ion or opasm occurs 

*t The vase-dilatation is the result of loss of musculai conttol 
caused by paralysis of the affected arteries and leads to obstruction 
of the glomerular en dilation The mechanism of the obstruction 
is thought to be the rapid loss of plasma through the grossly dilated 
glomeiular capillaries due to heightened pressure m the lenal 
artery. The resulting < oncentration of red corpuscles leads to 
circulatory MsIm*. with consequent lsclueinic necro-is of the 
pin»n» hymu 

It j- n fro it [>1. I'-ur** to < vpn-ss im pmtitndc to Proft --or ft Pujlinp: 
Wnjt.t fo- < octant h lp *u»«l ''timolfttmsr n»I\icf I nra nl-o uif|»!>tnd 
t * p- H .J P.m-b of tt"' \V«H«-om * Phj - ioIockaI Lnbomtnnr'i for jewron- 
siki'.. ( * *♦ spti%t<vv><. u- toxm. mifl to Dr It T Grant for In- kimltx -•» in 
«i *t u **jt »*'c l.i- tins for ren i*-urinu th»< blood pn -Min in r’bbit- 
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THE URINARY EXCRETION OF PNEUMOCOCCUS 
POLYSACCHARIDE IN LOBAR PNEUMONIA 

Robebt Cruickshank 

London County Council Croup Laboratory, 4 8 Pond Street, 
London, N IV 3 

In 1917 Doohez and Avery showed that types I, U and III 
pneumococci produced a “ specifio soluble substance ” (S S S ) 
during the active phase of growth in nutrient broth They found 
a similar substance in the serum and urine of experimentally 
infected rabbits and m the urine, less frequently m the serum, 
of patients with lobar pneumonia due to these three common 
pneumococcal types The speoific substances have smee been 
identified as polysacohandes and are present in the capsule sur- 
rounding the pneumococcus cell Although the detention of 
specifio substance in the urine has recently been recommended, 
and probably used, as a method for the serological typing of 
pneumococoal infections, there has not apparently been any 
published confirmation of Dochez and Avery’s findings, and tho 
present investigation was begun m order to determine the 
diagnostic and prognostic value of the test in patients with lobar 
pneumonia, with special reference to serum therapy As the 
work progressed, it was noted that excretion of the spocific substanco 
was commonly contmued during convalescence and a discussion of 
this phenomenon is included in the paper 

Material and methods 

The specimens were obtained from male patients between tho ages of 
15 and 05 admitted to the pneumonia wards of Bolvidero Isolation Hospital, 
Glasgow Tho present analysis concerns material from 200 patients with 
pneumococcal infections, of whom 184 were suffering from lobar pneumonia 
(type I, 44 type H, 103 type IH, 7 group IV, 30), whilo in 10 the 
diagnosis was bronchopneumonia or bronchitis over a thousand specimens 
of urine were examined Tho test is a precipitation reaction, tho specific 
substance as antigen or precipitinogen being detected by mixing small 
volumes of tho unno with suitablo dilutions each of typos I, H and HI 
pnoumococcal antisera of good precipitating action With urine as tho 
diluent of 1 per cent solutions of the threo purified polysaccharides and tho 
sons diluted 1 5 with normal sahno, tho typo I antiserum gavo a positive 
precipitation reaction with 1 1,000,000 dilution of tho corresponding S S S , 
type H with 1 2,000,000 and type IH with 1 500,000 However, tho 
O' 
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polysaccharides used were degraded preparations and recent observations 
have shown that the whole or undegraded pneumococcus polysaccharides 
react m higher dilution than do those prepared by the older methods As 
the polysaccharides appear m the unne m undegraded form (Avery and 
Goebel, 1933) it is reasonable to suppose that a dilution of at least 1 5,000,000 
of the types I and II specific substances would be detected with the antisera 
used in the present investigation 

A morning specimen (about 10 ml ) of urine was sent to the laboratory 
on tho day after the patient’s admission and, m many cases, further specimens 
were sent at two- or three -day intervals until dismissal or death of the 
patient. Specimens of sputum for serological typing of the infecting pneumo- 
coccus by the direct and mouse-inoculation methods were similarly sent 
Not all samples of unne or sputum were examined and specimens of unne 
were discontinued from patients suffering from group IV pneumococcal 
pneumonia except m a group of 30 whose urines were repeatedly exammed 
throughout the acute and convalescent stages to test the specificity of the 
precipitation reaction At first the urinary specimens were exammed for 
specific substance without any preliminary treatment, but as many of the 
tests showed non-specific deposits of phosphates the results were discarded : 
the pH of all further specimens of unne was adjusted to 8 0 with N/I NaOH 
and tho phosphates were sedimented by centrifuging or allowing the specimen 
to stand on the bench for 2 hours 

The test consisted in placing 0 3 ml of the clear supernatant unne into 
each of three Dreyer’s agglutination tubes and layering on top of the unne 
in tube 1, 0 2 ml of type I pneumococcal antiserum diluted 1 5 m normal 
saline, m tube 2 a similar amount of type II antiserum and m tube 3 typo III 
antiserum Two readings were taken . (1) the tubes were immediately 
exammed under optimal lighting for the development of a wlnte ring at the 
junction of the two fluids • (2) after standing on tho bench at room tempera- 
ture for 4 hours, the presence and amount of deposit was noted and recorded 
as -(-> ++ or + + + Although there was close agreement between the 
two readmgs, tho presence of a specific deposit after standing was regarded 
ns tho more rohablo and no test was recorded as positive without it There 
was apparently no acceleration of the reaction by incubation at 37° C or 
placing m tho water-bath at 5G° C While at first all specimens of urine 
•were tested with types I, II and IH pneumococcal antisera, later, when the 
specificity of tho reaction was proved, many urines were tested only with 
the appropriate serum . for example, if a case were shown to be a type U 
pneumococcal pneumonia by examination of tho sputum and a specifically 
positive urinary precipitation test were obtained with type H antiserum, 
subsequent specimens of urine from that patient might bo tested only with 
the type II serum. 

The specificity of the reaction and amount of 
polysaccharide excreted. 

Obviously if the lest is to be of diagnostic value for determining 
the serological type of the infecting pneumococcus, it must be 
strictly specific About half of all the specimens of unne were tested 
with all three anti-pneumococcal sera • these included repeated 
samples from 30 cases of group IV pneumococcal pneumonia and 
from 16 patients with bronchitis or bronchopneumonia, while 
with each batch of tests urine from a healthy person was included 
as a control. The results showed an almost complete agreement 
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in the serological type of the infecting pneumococcus as determined 
by examination of the sputum and the unnary precipitation test 
when the latter was positive In only one instance was there 
persistent disagreement between the type of pneumoooocus isolated 
from the sputum (group IV) and the urinary precipitation test 
(type I) and here the clinical history of the case suggested that 
the unnary finding was the correct one 

Attempts were made to estimate quantitatively the amount of 
specific polysacoharide excreted daily m the urine, although this 
could only be done accurately by sampling from a measured 24 hours’ 
collection At first the optimal proportions method of Bean and 
Webb (1926) was tned but satisfactory results wore not obtained 
with urinary specimens, probably because of the high concentration 
of salts present Instead, precipitation tests were done with 
increasing tenfold dilutions of urine (1 10 to 1 10,000) m a senes 
of 20 positive specimens Positive results were usually obtained 
m dilutions of 1 10 or 1 100 which, allowing detection of the 
polysacchande in a dilution of 1 5,000,000, would represent a 
concentration of 0 0002 to 0 002 g per 100 ml or, with a calculated 
daily output of 1500 ml of unne, a daily excretion of 0 003 to 0 03 g 
of the specific polysacchande 


Serological typing of pneumococcal infections by the 
unnary precipitation test 

The demonstration of specifio polysacchande m the unne early 
in the infection would be of great value for the serological typing 
and serum treatment of lobar pneumonia since the test is so easily 
and quickly oamed out Unfortunately, the reaction is positivo 
only m a proportion of cases — 62 per cent m the present senes of 
154 cases of types I, II and HI pneumococcal pneumonia, which 
is in agreement with Doohez and Aveiy’s figure of 65 per cent 
(52 out of 80) with concentrated specimens of unne (table I) The 
proportion of positive findings is significantly higher in type II 
(74 out of 103 or 71 8 per cent ) than m type I infections (20 out 
of 44 or 45 5 per cent ), so that the total percentage positive would 
be lower in a senes of cases where type I was the commoner infecting 
type Another drawback to the method is the fact that the first 
or second speounen examined may be negative and the test may 
only become positive late in the infeotion or even after the cnsis 
For example, of the types I, II and HI mfeotions together, the 
reaction was positive with the first sample of unne m 41 5 per cent 
of cases in the typo I pnoumonias it was positive in 9 out of 44 
or 20 6 per cent and m the typo II cases m 53 out of 103 or 
51 5 per cent , so that the precipitation test would be useful for 
early diagnosis in about one-half of typo II pneumococcal 
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pneumonias and in one-fifth only of type I infections. The 
complement fixation test using rabbit instead of horse antiserum 
detects the presence of specific polysaccharide in a four- or five-fold 
gi cater dilution than does the precipitation test (Downie, 1937a) 
and I am indebted to Dr A W. Downie for testmg 6 samples of 
urine, which gave negative precipitation tests, from two patients 
with type I pneumococcal pneumonia However, with these 
samples the complement fixation tests were also negative, so that 
besides the greater technical difficulties of tins method, it would 
probably not give an appreciably higher percentage of positive 
lcsults than the precipitation reaction 


Table I. 

Diagnostic laluc of the urinary precipitation test. 


Type 

rrc<cnt ln\ c-.tlgition 

Dothez nnd A\crj 



PercontnEc 

Xo of 

Xo 

I’crcentagc 





po-ltl\e 

cases 

po-lthc 

posftltc 

I 

41 

20 

45 5 

35 

20 

MOM 

II 

10.1 

74 

71 8 

28 

20 


III . 

7 

2 


17 

12 

■afl 

Tot ul 

154 

90 

02 3 

SO 

52 

05 0 

1 Group IV 


0 

0 

10 

0 

0 

. Mi^coHnnoous 

1 

1G 

0 

0 

14 

0 

° 


l(.t Fjxntnt'n po<uti\e (tjpes I. II tmd III), G4 or 11 0 per cent (I, 0 or 20 5 
ptr cf nt , II. 57 or 51 5 per cent ) 


Despite its limitations in the early diagnosis of serological type, 
it is ob\ lously a useful confinnatory test, giving a higher proportion 
of positive remits than blood culture and being so much more 
easily and quickly performed than oithci blood culture or lung 
puncture In certain instances, usually where there was great 
diffiu ulty in obtaining a specimen of sputum, it established tho type 
diagnosis, v hilc in several cams it has confirmed a clinical diagnosis 
of reinfection occurring in the wards. Pleural fluids and other 
exudates suspected of being pneumococcal in origin liavo al-’o 
lKf*n test'd for the specific poly-arclmnde- and with such material 
the tc-i will give a rapid diagnosis or detect the infecting type 
vJun tie' o-'U'-'d organism cannot he recovered 

7/V p'r-jr.Mf.'rc inhif of thr urinary prcdp'tntion (ctl 

Thf pr* » n<X' or ttb-“n<'o of pnr*mno''omi*- jkiIji-ici h.iride m the 
ur.re* d> n.* - n [dace fimms tin* progno^tK- •.inn-' in lohar 
; :* *,{'•< * r-j— ;i dly it" n guide to therapy. Of the total 
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types I and II pnemnococoal pneumonias with positive urinary 
preoipitation tests 25 out of 94 or 26 6 per cent died, whereas 
only 1 died out of 53 patients (1 9 per cent ) with negative tests, 
and m this mstanee only one specimen of urine was examined 
(table II) It may be said therefore that a good prognosis should 


Table II 

Prognostic value of the urinary precipitation test 


Tree 

No positive 

So died 

rerrentaee 

died 

No negfltho 

No died 

Femntagc 

died 

I and II 

04 

23 

20 0 

S3 

n 

1 9 

i 

20 

4 

20 0 

24 


0 

n 

74 

21 

28 3 

39 

n 

3 4 


1st specimen positive, 02 , died, 24 (38 7 per cont ) 


be given if persistently negative results are obtained during the 
four or five days preceding the expected critical fall of temporature 
As for positive reactions, the prognostic value of the test is probably 
enhanced if only the first specimen be taken as a guide (since in 
the present senes 24 out of 62 or 38 7 per cent of patients 
died whose first unnniy specimen contained pneumococcus poly- 
sacehando), although the fact cannot bo regarded as statistically 
established on the data available The prognosis is especially 
grave w lien tho result of the first test is recorded ns +-J-+ or 
w hero the preoipitate increases with successive specimens Horn 
+ to +++ In view of theso results, it seems reasonable to 
recommend scrum therapy for patients until typo I or II pnouino- 
coccal pneumonia whoso early urinary specimens givo a positnc 
precipitation test 

Two of tho most important fnotors influencing tho mortality 
rato in lobar pneumonia aro tho age of tho patient and the typo 
of infecting pneumococcus and it is interesting to ovaimno the 
relationship of tho urinary precipitation test to these two prognostic 
factors (table HI) 

Table ITT 


Urinary excretion of SS S til relation to age and type 



No of««« 
(tyj*4 1 nod 11) 

No tiled 

IVrcrnttffe dl«! 

IV rerotarc 8 SJ5 
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13 31 

92 (28+94) 

12 

n o 

f»S 9 

•I* 05 

55 (10+39) 

14 

23 5 

72 7 

Typo — 



9 1 
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44 

4 

45 1 

11 

107 

» t 

21 3 

71 8 
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Age of patient If the types I and II pneumococcal pneumonias 
are divided into two age groups, 15-34 years and 35-65 years, the 
crude mortahty rate m the first group is 13 per cent and the 
incidence of positive reactions 58-6 per cent , while in the older age 
group the corresponding figures are 25 4 per cent and 72*7 per cent 
Approximately 30 per cent of the cases in each age group were 
type I infections There is thus a rough parallelism between the 
death-rate and the precipitation reaction m the two age periods, 
the higher mortahty in the older group being reflected m a higher 
percentage of positive reactions The death-rate of patients under 
35 years of age with demonstrable pneumococcus polysaccharide 
in the urrne was 22 per cent (12 out of 54) and in the group over 
35 years, 35 per cent (14 out of 40) which suggests that a positive 
precipitation test has a more serious prognostic significance in older 
patients, though the data are not adequate to establish such an 
inference 

Type of pneumococcus Reference has already been made to 
the higher percentage of positive results in type II than in type I 
infections When the death-rate from lobar pneumoma due to 
these two types is correlated with the incidence of urinary excretion 
of the corresponding polysaccharides, there is agam a fair degree 
of parallelism . the figures for type I infections are, death-rate, 

9 1 per cent , positive precipitation tests, 45 4 per cent , and 
for type II, 21 3 per cent and 71 8 per cent An explanation of 
the difference in death-rate and m symptomatology between type I 
and type II pneumococcal pneumonias has previously been 
suggested (Gruickshank, 1933) and the present fin ding of a higher 
proportion of positive unnary precipitation tests m the severer 
type II infections is consistent with the view there expressed that 
the greater toxicity of the latter is associated with a greater 
quantitative elaboration in the tissues of the soluble specific 
substance. 

The urinary excretion of pneumococcus polysaccharide 
during convalescence 

Specimens of urrne from 91 patients who recovered from type I 
or H pneumococcal pneumoma were examined at two- or three-day 
intervals from the time of admission to hospital until discharge 
Specific polysaccharide was present m the urine of 54 cases : in 

10 (18 5 per cent ) the test was negative before the crisis or lysis 
and became positive in convalescence, while in only 7 patients 
(12 *9 per cent ) was it positive before and negative after the fall 
of temperature Thus of 54 patients in whose urrne specific 
pneumococcal carbohydrate was demonstrated, 47 or 87 per cent 
were excreting the substance during convalescence In fact most 
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of the patients — and especially those -with type U infection — 
continued to excrete S S S as long as they wore m hospital, a 
period normally of 3 to 4 weeks (see fig ) It was thought possible 
that tins continued excretion was associated with a continuance of 
the infective process, either as a delayed resolution of the pneumonic 
consohdation or as a serous or purulent pleural effusion, since m 7 
patients witli a protracted stay in hospital because of such complica- 
tions the average duration of polysacohande evoretion was 43 days 
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Fxo — Example* of tlio unnnr^ excretion of pneumococcus polysacclmndo in types I 
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(34-55 days) But further analysis shoved that certain cases 
with dolayed resolution ceased to excrete the substanco before 
dismissal while three patients with typo I pneumococcal empyema 
noier at am tirao had demonstrable SSS in the urine Again, 
cases without complication continued to excrete specific poly- 
sncchnnde for 20 30 days nnd two patients discharged well still 
gaxe posit no reactions when tlicx returned for reexamination 
on tho 31th md 39th dais rcsjicctivcly of their coinnkscence 
Another possibility was that the pneumococuil nutolysis which 
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presumably goes on m the lung tissue at or about the tune of the 
crisis was responsible for the excretion of the specific substance 
after the fall of temperature But certain patients with quite 
extensive consolidation had not at any time detectable poly- 
saccharide in the urine and in a small number of cases the test was 
positive before and negative after the crisis m others the amount 
of precipitate formed seemed to dimmish about the time of the 
crisis only to mcrease agam later m convalescence 

What then is the explanation of the continued excretion of the 
pneumococcus specific substance after the infection has been 
overcome ? The polysaccharides behave, m mice and men, like 
true antigens and, while not to be regarded as toxins m the hmited 
sense of the word, they undoubtedly play an important part in 
pneumococcal infections Although Dochez and Avery found S S S 
in the serum of only 8 out of 25 patients with lobar pneumoma by 
the precipitation test and only 2 out of 8 sera examined by me 
gave positive results, Park (1931) has shown that a substance 
— presumably the polysaccharide — which specifically neutrahses 
pneumococcal antiserum is present in appreciable amount in the 
blood of severe cases of lobar pneumoma It was therefore to be 
expected that the polysaccharide if excretable should be present 
in the urine during the acute stage of the infection, although in 
fact it was demonstrable in not more than 56 per cent of the 
present series of cases during the fastigium 

After recovery, when specific pneumococcal antibodies are 
usually present in the blood, it is unlikely that pneumococcus 
polysaccharide would circulate as free antigen or hapten although 
in the present senes 1 out of 8 sera obtamed during early 
convalescence gave a positive precipitation reaction and Dowme 
(1937a) has recently shown that demonstrable pneumococcus 
polysaccharide in the blood of mice is not incompatible with some 
degree of resistance to mfection with the homologous orgamsm 
However, m the presence of detectable humoral antibodies — and 
these are present in the majority of recovered cases of lobar 
pneumonia — the homologous polysacchande is very quickly cleared 
from the blood stream after intravenous injection (Dowme, 19376) 
Avery and Goebel found that type I pneumococcus polysaccharide 
when injected into normal rabbits is very slowly excreted, smce 
it was present in the serum 7 days after injection and when given 
in large amounts (17 mg ) could be demonstrated undegraded m 
the urine for at least 7 days These established facts may afford 
-an explanation of the continued excretion of polysaccharide in the 
urine of patients convalescent from lobar pneumoma With the 
formation of antibody the circulating antigen becomes “ fixed,” 
probably mostly by the tissue cells, but instead of being cataboksed 
it may gradually become dissociated from the antibody and be 
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excreted by the kidneys The slow and continuous excretion may 
be duo partly to the slow rate of dissociation and partly to the 
difficulty of elimination becauso of tho large size of tbo molecule 
Its apparent absence from the serum when deteotablo in tho urme 
is possibly explicable by tho concentration uluoh it undergoes m 
the process of excretion Possibly the specific substances and 
toxins of other pathogenic bacteria are similarly dissociated and 
excreted during the patient’s convalescence, although the data 
available on tins point are surprising!}' scanty 

Summary 

The spccifio polysaccharides of types I, II and IH pneumococci 
are exoreted m the urine of the majority of patients with lobar 
pneumonia due to these three types and may' bo demonstrated by 
a precipitation reaction Tins urinary precipitation test has only 
a limited value as a method for the early serological typing of lobar 
pneumonia, as the first specimen of urine examined was positive m 
only' one-fifth of tho type I and one-half of the type H infections 
The detection of the polysaccharide m tho urine early m the 
infection has, lion ever, a grave prognostic significance smeo tho 
mortality in such patients was around 40 per cont n herons less 
than 2 per cent died whoso urinary specimens were persistently 
negative The pneumococcus spootfic substanco continues to be 
excreted in the unno during the patient’s convalescence and in 
explanation of tins phenomenon it is suggested that tho poly- 
saccharide ns antigen is gradually dissociated from tho antibody 
and slowly excreted by tho kidneys 

Tho work on which this pnpor is based was ctono m tho Pnthology- 
Dopartmcnt of tho Urm orsity and Roy nl Infirmary , Glasgow X nm indebted 
to Dr J A Montgomery , Belvidcro Hospital, for arranging for tho collection 
of specimens and for tho clinical data, and to Dr P Hnrtlcj , Sir Patrick 
Laidlaw and Dr It A O'Bnen for supplies of types I, U and III pneumo- 
coccal antisera and purified polysaccharides 
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THE SOURCE OF THE FAT IN EXPERIMENT- 
ALLY PRODUCED FATTY DEGENERATION 
OF THE HEART 

J Henby Dible and W W Gebbabd 

University of Liverpool 

(Plates V and VI ) 

Is a previous paper (Dible, 1934) we criticised the view that a 
process of phanerosis is responsible for the production of “fatty 
degeneration ” of the heart in man, and adduced evidence that such 
a conception is unnecessary Amongst the observations which 
have supported this theory are those of Loathes and Dudgeon 
(Loathes, 1906), who mvestigated the fat content and histological 
appearances in the hearts of guinea-pigs which had been poisoned 
by diphtheria toxin Using a number of pooled hearts thoy found 
19 77 per cent of fat m the myooardia of the poisoned animals, 
whereas in a senes of normal animals the percentage of fat was 
17 43 They assumed that the small difference of 2 34 per cent 
was insufficient to account for the marled fatty ohange which 
histological examination shotted to be present in the hearts of tho 
toxin-treated animals and concluded that thero must be an un- 
masking of the unstainablo fat of the muscle cells The weights 
given refer to dned heart muscle tho equivalents for tho fresh 
tissue were 2 23 and 2 05 per cent — a difference of about 0 2 
per cent 

In our own investigations (Dible, 1934) upon the human heart 
no found that the cardiac muscle of individuals lolled suddenly by 
accident, or dying speedily under conditions in which no pathological 
changes in the myocardium would bo anticipated, contained about 
1 8 per cent of fat with a range of 1 2-2 1 per cent , all of w Inch 
was invisible (€l4mcnl constant, or masked fat) In hearts showing 
the patchy form of fatty degeneration we found a higher content of 
fat in tho portions of the ventricular muscle in which the naked 
ejo ohange was well developed than m those portions in wluoh 
such chango was absent or minimal If, for our present purposes 
of comparison, wo tako the mean of tho findings in both fatty and 
non-fatty areas in such hearts, and also include those hearts m 
which tho typo of fatty chango was diffuse, wo find that m a total 
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of 22 human hearts w Inch showed fatty degeneration in some form 
or otliei the mean fat content was 3*0 per cent., with a range of 
1 8 to G*7 per cent In other words the myocardia winch showed 
visible fatty change m some form contained on an average about 
1*2 g per cent more fat than did the “normal” hearts. Smcc 
in cveiy example of fatty degenciation of the heart winch wo have 
examined some increase m the chemically estimated fat was found 
in those portions of the cardiac muscle winch showed the change 
microscopically, and since these increases were closely correlated 
with the intensity of the histological change, wc felt justified m 
concluding that the process was an infiltration, probably similar 
to that which accounts for “ fatty degeneration ” of the livei 

In this conclusion wc were further supported by the fact that 
the iodine values of the fat found in the “ degenerated ” hearts 
closely approximated to the theoictical values obtained on the 
assumption that the increase was duo to an infiltration of depot fat 
of known low iodine value. 

These i emits did not, however, dispose of the discrepancies 
between our findings and those of the supporters of the process of 
phanorosis and wc therefore thought it desirable to carry the matter 
fm thcr, if wc could, by an experimental investigation m an animal 
in which accurate estimations of the total fat m the body could 
be made 

A* .m animal we clio-c tlio guinea -pig, winch is small enough for this 
purpose and in which the heart is largo enough for its fat to bo extracted 
without too CT<»nf mi experimental error Our chief reason for desiring this 
duel information was the fact that m the liter at any rnto there is a cor- 
ft litt ion b'twr.n the amount of fnt infiltrating tho organ tinder a given 
ftunulus and tin ndipo=it\ of the subject (Dible, 1032) This is nn nil* 
mn»irt«nt mntt< r where results in c xjv'nmentnl animals are to ho compared, 
tin''* otdv animal « of like adipo-itj <nn he expected to behave alike. We 
1 at' id -0 hud m M'W the possibility that the f«t content of the normal 
-m <>' trdmm m iv to * om<* < xtont r< fleet the adiposity of the nnunnl, although 
tl"> is 1 1 -j Tally d<m*d liven if there he no variation m tho mvocnrdinl 
fa* it is »hSiu ult. < -p-eiaUv m the smaller animals to make certain or reinoi mg 

of i dip'i- > ti'-'i* from the heart, so that for the-o reasons m choosing 
riV'it'- it is important to i- l«<t animals which. n~ far ns possible, am in 
t* 1 > m fat* of lai’rition as th» « xjx rimentnl nnminls We have therefore 
d. i 7 "i hu»*i m*r • xjw nm» ntal and control animals into two groups tho 
i”. 1 unfa**. i*»?” in wh>eh tl>. mum ils win of approximately the same 

i • < u* 1 v ,Ait a*i l t it » n from th” p neril run of our laboratory r.toek ; 
i* oi?<- jwuji » ‘.'i *»si ( vf * fatten'd " nmmds width had 1xe« pt m 
t !vt» r**,«*v f>-- ", * t , n"> iifl no ti i"« i rtn nml IiIktiI <1i t of * meeo," 
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smaller animals 0 23 c e , i e for each group about 0 6-0 0 mg of F per 100 g 
of live body weight Death m both senes occurred between the 6th and 8th 
days, the average survival penod being C 2 days for the smaller and 6 8 days 
for the larger guinea pigs , one or two of the animals were killed when m 
extremis The animals lost somo 20 30 per cent of their gross weight, the 
amount lost depending mainly upon their length of survival, so that a 
definite element of starv ation entered into these experiments The factors of 
dosage and length of survxt al did not, within the limits of our experiments, 
appear to have a marked effect upon the production of the fatty changes 
After death the heart was freed from all visible fat, fibrous tissue and 
blood, and a small fragment of the ventricle was taken for histological 
examination The organ was then weighed and the fat estimated by the 
saponification method The liver was dealt with similarly The contents 
of tho alimentary canal were then removed and the carcase was weighed , 
this, added to the weights of heart and li\ er, gave tho nett woight at death 
The whole carcase was then saponified for the estimation of the total fat 
in the animal this is expressed in the tables os a percentage of the nett 
weight 

Results 

In this investigation wo are more especially concerned with the 
results in the heart, but since contemporaneous examinations were 


Table I 
Control animals 


1*0 

Kelt weight 

Percentage offtt in 

bod> 

heart 

liver 

A Unfattened 

12 


4 15 

1 32 

2 SO 

7 


4 30 

1 50 

2 06 

5 


4 40 

2 02 


2 

416 

4 83 

2 07 

2 97 

0 

303 

6 70 

1 30 

2 62 

Range 

231 41G 

4 16 6 70 

1 32 2 07 

2 06 2 07 

Mean 

312 

4 80 

1 68 

2 47 

B Fattened 

1 

775 

6 88 

1 06 

2 72 

3 

551 

7 00 

1 78 

2 16 

10 

652 

10 90 

1 73 

2 32 

8 

776 

11 10 

1 70 

2 70 

0 

018 

14 74 

2 12 

2 77 

Range 

551 018 

G 88 14 74 

1 73 2 12 

2 10 2 77 

Mean 

734 

10 24 

1 88 

2 53 


made upon the liver these are included in brief form for the sake of 
comparison and completeness The results m 10 control animals 
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are given first and are followed by those m 16 an im als which weie 
poisoned with phosphorus Two other animals in the control group 
were found to be pregnant and are excluded from the analyses, 
since fat metabolism tends to be disturbed m pregnancy. Actually 
their inclusion would not have affected the results In all tables 
the animals are arranged in order of bodily adiposity. 

Table II 


Phosphorus-poisoned animals 


No 

Nett 

weight 

Weight lost in 
experiment 

I 

body 

’ercontage of fat 

heart 

in 

lncr 

C Unfattened. 

P 4 

304 

41 

1 54 

*1 43 

3 05 

P 3 

279 

112 

1 65 

*1 43 

3 50 

P 11 

265 

114 

2 12 

*1 55 

5 16 

P 16 

206 

75 

3 70 

2 28 

5 36 

P 7 

236 

12S 

4 08 

2 65 

5 46 

P 13 

299 

82 

4 22 

2 32 

6 90 

P 5 

330 

100 

4 98 

fl 84 

7 00 

P 10 

290 

59 

5 88 

1 94 

11 12 

Range 

206-330 


1 54-5 88 

1 43-2 65 

-1 

Mean 

276 


3 52 

1 93 


D Fattened 

P 2 


262 


*2 01 

6 30 

P 9 

[RHSpSIP 

134 

6 15 

3 36 

10 06 

P 6 


238 

9 62 

fl 61 

4 17 

P 15 

697 

150 

11 74 

2 43 

13 75 

P 14 

633 

150 

12 90 

2 35 

7 72 

P 1 

744 

106 


2 74 

10 07 

P 8 

730 

109 

14 02 

2 32 

12 14 

P 12 

730 

133 

15 04 

2 21 

13 30 

Range 

512-744 


6 15-15 04 

1 61-3 36 

4 17-13 75 

Mean 

662 


11 57 

2 38 

9 66 


* These animals did not show any Idstologlcal fattj change In the heart muscle 
t These animals showed onlv «light traces of histological fattj change 


None of the animals of either control senes showed any histo- 
logically demonstrable fat m the myocardium, and this was also 
absent in P 2, P 3, P 4 and P 11 of the experimental senes, whilst 
P 6 and P 3 showed only slight traces of fatty change The four 
former are therefore excluded from further consideration, since 
in them we have failed to produce fatty degeneration, but the 
latter are included although the amount of degeneration produced 
•was minimal When this correction has been made the mean 
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values in the different series are those given m table IH and shown 
graphically in fig 1 

Table HI 



The mean increase in fat content of the heart muscle of the 


poisoned animals m each series over the corresponding controls is 
about 0 5 per cent 



Fio 1 - — Amounts of fat found in tho hearts of control guinea pigs and in those 
developing fatty degeneration as a result of phosphorus poisoning Tho 
horizontal linos show tho mean valuo for the control animals in each group 
(1 08 per cent for tho unfattened and 1 88 per cent for tho fattened animals) 

Although these increases aro not largo thoy arc significant in 
so for as small senes such as these lend thomsehes to statistical 
analysis For this purpose, to deal with the largest possible number 
of observations, we may take both control groups (A and B) together 
and also the relevant results in tho two exponmental senes (C 
and D) If this bo done the observed difference between the two 
means is 0 5G per cent , which is more than three times the standard 
jorr.x or nm — ■ rot. xiw F 
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error of the difference of the means (0 158) What is perhaps of equal 
moment is that the differences between the fat content of the hearts 
of the poisoned and normal guinea-pigs m the general run of the 
animals as shown m tables II and III are very consistent throughout 
The conclusions which we draw from these findings are as follows 

1. There is an increase in the fat content of the heart muscle 
where the visible changes of fatty degeneration are produced 

2. The fat content of the normal heart muscle may be higher 
m animals which are fattened than m those which are not , it is 
possible that this is due to some variation in the ddment constant 
of the muscle in relation to the animars nutrition 

3 In keeping with (2), the mcrease in extractable myocardial 
fat produced by phosphorus poisoning is of about the same order 
in both groups of experimental animals, but the absolute fat content 
is generally higher in the fattened than in the unfattened senes. 

It must be allowed that the expenmental error in estimating 
the quantity of fat in a single guinea-pig's heart may be considerable, 
smce the amount of tissue available is between 0 55 and 1 86 g , 
none the less, as we have pointed out, the values obtained m each 
class indicate that the results are consistent. A value of 2 0 per cent, 
and upwards is only found in three of the control animals, with a 
maximum of 2 1, whilst this value is exceeded m nine of the 
phosphorus-treated animals with a maximum of 3-4 per cent All 
these animals showed definite histological “ fatty degeneration ” 

The results also show the customary changes m the liver and 
the correlation between the quantity of fat in the storage depots 
and the degree to which the liver is infiltrated This is well shown 
in the animals which have a moderate amount of storage fat 
(series C) All the phosphorus-poisoned animals showed some 
degree of visible fatty infiltration m the hver This was variously 
distributed but in most cases there was a marked predilection for 
the portal zones The size of fat globule seemed chiefly governed 
by the quantity of fat present , where this was small the globules 
tended to be small, where the mcrease was great, large globules 
of fat were produced. 

Histological correlation The histological preparations which 
showed visible myocardial fat were examined by three separate 
observers, each of whom arranged them m order of the seventy 
of the visible change. While there was some disagreement about 
closely similar preparations, there was close general agreement 
between the order thus determined and that given by the 
chemical analyses The histological picture in the hearts which 
showed the smaller quantities of fat was that of scattered, patchy 
and infrequent areas of change (animals P 5 and P 6 . fig. 2) 
whilst in the hearts which showed a greater mcrease the change was 
diffuse (fig 3). In most cases the fat globules were fine The 
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Plate VI 
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Fio C — -Phosphorus poisoned 
animal P 9 3 36 per cent of 

fat General fine peppering of 
tho muscle fibres, with more 
intense pen\ ascular change 
Scharlaoh R x 200 


Fiq 6 — Emulsion in agar con 
taming 0 14 per cent of fat 
Scharlach R X 280 




iiu 7 — Emulsion in agar con 
taming 0 28 per cent of fat 
Scharlach R y 280 
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figure 1 ? show tjpicnl examples of different grades of ohango Wo 
would call attention to tlio marked pern nscular distribution of tlie 
fat in ono animal (P 0 figs 4 and 5), winch is comparable to tho 
periportal distribution so often seen in the liver as a result of tho 
notion of phosphorus 

Discumon 

In tho first place it should bo pointed out that certain of tho 
poisoned animals failod to show my myocardial fatty degonoration 
(P 2, P 3, P 4 and P 1 1 ) These were tho animals with tho poorest 
fat reserves, so that lioro wo find a repetition of tho phenomenon 
so familiar in tho liver — that fatty olmngo is dependent upon 
adequate fat in tho storago depots — tho observation, m fact, 
which first directed Lebedev’s attention to tho importance of the 
infiltration mechanism in that organ It is significant to find the 
samo phenomenon in tho lienrt 

Tho increases wo have shown in our experiments are not large 
and it will bo asked how much regard is to be paid to increases 
in fat content which on an avorago are of about 0 5 per cent It 
is apparent from the goncrnl results of all workers that the heart 
muscle lias not the capacity of tho liver coll to accumulate fat , 
indeed it would bo extremely difficult to visualise it performing 
its contraotile function when thus laden, and it is exceptional in 
analyses to find many values of ovor 3 or 4 per cent It is therefore 
misleading to compare liver and heart without allowing for this 
essential difference in the tissuos Small as these increases are they 
are nearly three times those recorded by Loathes and Dudgeon 
Apart from differences in tho technique of fat estimation and in the 
method of inducing fatty change thore are tw o factors to be considered 
w Inch bear upon the discrepancies between their results and ours In 
the first place they pooled a number of hearts for their estimations 
whoreas wo have worked with single hearts , in the second place 
they did not control their experimental animals by estimations of 
tho total fat m the animals’ bodies, although they chose animals 
of approximately the same size Failure to do this may lead to 
errors If, for example, we were to use os controls for our im- ' 
fattened experimental animals the normal animals of our fattened 
group, the mean increase of fat found in the hearts would bo only 
0 32 per cent , a figure not very much greater than theirs In this 
connection we may point out that the mean fat content of the heart 
muscle m their controls was 2 05 per cent , a figure considerably in 
excess of that for either of our control senes 

It is apt to be overlooked that the ordinary method of expressing 
the fat content of the heart muscle as a percentage wholly fails to 
give an accurate impression of the quantity of the ohango, since it 
relates the fat found to the whole of the heart muscle whereas very 
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often large areas of myocardium may be qiute free from fatty change 
The force of this pomt was clearlj* brought out in our work upon 
the human heart (Bible, 1934) in which we were able to contrast the 
fat content in the degenerated areas, which could be separated bv 
dissection, with the fat content of the relatively healthy areas 
As a result w e were able to demonstrate increases in the fat content 
of the affected muscle of a much higher order than those obtained 
in these experiments Consequently the actual increase m fat 
in the affected areas in these small hearts must be very much 
gieatcr than the analyses show, except where the whole of the 
myocardium is uniformly affected. 

Finally, any purely histological estimate of the amount of fat 
in a tissue can only be a very crude affair, partly by reasons of the 
irregular distribution of the fat and more particularly because 
personal impressions without adequate standards of reference are 
bound to be inexact. As a result of a good deal of work upon fatty 
change in different tissues wo have long been of the opinion that 
relatively small quantities of fat can give quite an impressive picture 
when highly dispersed, winch is the condition in which the fat 
globules are usually present in heart muscle. This opinion might 
be criticised as a mere begging of the question but for the fact 
that it has been reached largely from the study of sections of the 
liver in which all the evidence has pointed to the visible fat being a 
result of simple infiltration, and also that we have been able to 
obtain support for this view from artificial preparation 1 :. 

Emulsions of fat in a high state of dispersion were made in 
agar and after cooling -were fixed in formalin and osmium tetroxide. 
Both frozen and paraffin (formol- and osmic-acid-fixed) sections 
nere cut. These give us a picture of fat emulsions of known 
content in which all the fat is stainable and equally diffused and 
no po c >-ibIe question of unmasking confutes the issue. Their study 
shows us that quantities of fat of the order of 0*1-0 3 g per cent 
cii e a striking visual picture {figs. G and 7), and one quite comparable 
with that seen in tissue in which the excess of stainable fat over 
the content in masked fat is of the same order. 

Conclusion. 

TYom the study of the myocardium of guinea-pigs poisoned with 
phosphorus. n=mg as controls animals in similar states of nutrition, 
v,e lonclude that the fatty change which ma\ be produced is of 
the nature of an infiltration and that there is no reason to assume 
unmv4,inj: of the cssuitinl fat of the cell 
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THE IMPORTANCE OF HYDROGEN ION CON- 
CENTRATION IN HAEMOLYSIS BY T HE 
LYSINS OF ANAEROBIC BACTERIA* 

L E W ALBUM 

From the Slate Serum Institute, Copenhagen 

In an earlier paper (1914) I published the results of a senes of 
investigations into the importance of hydrogen-ion concentration 
in the haemolytic process These researches concerned a number 
of heterogeneous haemolytic substances, namely epeira lysin, nbno 
lysin, staphylolysm, cobra lysin, bee lysin, saponin, sodium glyco- 
oholate and sodium oleate For my experiments I used blood 
corpusoles from horses, oxen, sheep and rabbits I was mduccd at 
that time to take up tho question on a somewhat broader basis 
by the pioneer and fundamental work carried out by SOrenson 
(1909) on the importance of the hydrogen-ion concentration in tho 
enzymatic processes, as well as by tho later treatise of Michaohs 
and Skwirsky (1909-10) dealing with the importance of this factor 
in amboceptor-complement htemolysis 

As was to be expected my investigations demonstrated that tho 
hydrogen-ion concentration constituted — as it did for all other 
biological processes — a faotor of exceptional importance , of an 
importance so great, indeed, that it was difficult to understand 
how it should over have been possible to carry out lucmolytio 
measurements without making allowance for it The explanation 
must bo sought m tho fact that tho experimental mixtures usod 
contained as a rule substances suoh as normal scrum of adequato 
buffer content On tho othor hand, it is hardly open to doubt that 
in a number of cases deficient buffer notion was responsible for 
irregularities m tho senes of oxpenments (“ experimental errors ”) 
From theso researches it emerged that tho effect of tho hj drogen- 
lon concentration is by no means identical for the different lucmo- 
Ijsins Broadly spealang it may bo of two types, type A, in wluch 
tliero is an optimal point with decreasing limmolysis on both sides, 
and type B, with a pomt or minimal activity and increasing liauno- 
lysis on both sides In several cases, for exnmplo the combination 

• Thu* poper 1 * also published m tho SCrrnscn jubilee % olumo of the Comptes 
Jtautua du Lalomtoirt CarUberg (103S, \ol xxu Sana clllmtquo) 

jarri or rim—' rot, xitj S5 r 2 
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staphylolysm-sheep blood, the types appear to be combined, as 
there exist points of both maximal and minimal activity. 

The buffer substance employed for the bulk of my experiments 
•was 2-3 per cent of the homologous serum A batch of experiments 
earned out simultaneously showed, however, that the piesence of 
other buffer substances (phosphates, peptone, egg albumen) is 
frequently capable of altering the shape of the curves in an even 
higher degree Details of these conditions are set forth m the 
publications already mentioned. 

The experiments on the importance of pH. for the lysins of 
B ndclm , B. ccdemahcns, vibnon septique and B letani, here 
under consideration, were made only with horse blood corpuscles 
to which normal horse serum or phosphate had been added as buffer 

Technique 

The defibruiated blood wns centrifuged and wnshed twico by centrifugation 
•with 0 9 per cent NaCl solution A series of mixtures (50 c c of each) wns 
prepared containing wa«lied blood corpuscles, a buffer m tlio form of scrum 
or phosphate, and varying quantities of hydroclilonc acid or sodium hydroxide 
as indicated below. 


Buffer, normal serum 

Dub mixture contains 23 c c of 

4 I*c r cent blood - corpuscle 

suspension d-0 5 c c norrnnl lior-o 
s '■nim— the indicated quantities or 
HCI or XnOH-i-O 0 per cent XoCl 
to *0 t c 

Buffer, phosphates 

Each mixture contains 25 c c of 

4 por cent blood - corpuscle 

suspension +2 5 c c secondary plios 
pliftto (Sorensen) -f 2 5 cc pnmnr)’ 
pliosphato (Sorensen) + tlie indicated 
quantities of HC1 or XaOH+O 9 pci 
cent XnCl to 50 c c 

1 •''Ixl'ire r» j 



Mixture no 


1 

« ! 

0 07 c e 

X/10 HC1 

1 

1 5 c c X/10 HO 

- * 

0 ,. 

• M 

o 

I 0 »» f* 

■ 1 

0 41 , 


3 

0 i J »« tf M 

' 1 * 

0 33 . 

f* •• 

4 

0 5 *« >• 

l •> i 

0.*’ 

t« * 

5 

0 25 tv t * tt 

- c 

f» 1 1 .. 


0 

0 

7 : 

ft 


7 

0 2 * 1 c X/10 XnOH 

s 1 

Oil r c 

X/10 XnOH 

8 

O r t 

X# *1 •• »* *• 

f 0 

0 P 

f • •« 

ft 

0 75 „ ,. 

Hi ! 

•1 

*• *• 

10 

10 1 (I M 

11 

0 14 . 

♦* •• 

11 

i or 

1 »* •• 

12 

ft , 


12 

1 »► «> • *• 

13 

ft 07 

• » 

! 13 


It 

O 7S . 


14 

2 00 




1 15 

2 > 9 •» « 
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again shaken and kept in the ice cellar overnight By means of the colon 
metno method described by Madsen (1889), the quantity of lucmoglobin 
dissolved in each mixture was thon ascertained 

Simultaneously with the senes of experiments proper, a corresponding 
batch of control experiments without lucmolysin was made in an identical 
manner In determining the degree of hmmoljsis produced by tho quantity 
of lysin at tho vanous hydrogen ion concentrations I have deducted tho 
“ spontaneous ” liremolysis in the control batch proi ided the lucmolysis of 
the experiments proper was below 100 per cent Tho admissibility of this 
manner of proceeding has beon discussed at some length in my earlier paper 
Tho pH of the experimental mixtures was measured colorunotncnlly, 
the blood corpuscles in corresponding mixtures of lysin, blood corpuscles and 
acid or base boing removed by centrifugation immediately after mixing and 
the measurement carried out on tho clear and generally colourless solution 
The lysins were prepared by anaerobic incubntion of tho respective microbes 
m meat medium under liquid paraffin, at 37° C during tho periods indicated 
m the tables As filtration through bacteria tight filters usually weakens 
tho luemolytio activity very considerably I confined myself to remowng tho 
greater part of the bacteria by centrifugation 


Results 

In cultures of B histolylicus, B sporogenes, B sordelln and tho 
bacillus of lamb dysentery it lias not boon possible to demonstrate 
the presence of lysins vis-A-vis horse blood corpuscles 

The details of tho experiments are shown in tables I-IV and 
oliarts 1-5 

The experiments demonstrate that tho role played by pH in 
tho experimental mixtures is highly important for tho action of 
these lysins If wo examine first tho experiments for 11111011 
homologous normal serum served ns buffer substance, we find 
that the effeot of pH is apparently of tho same character for 
B welchu and B oeiemaltens lysin and tetanolysin, as the liremolysis 
diminishes evenly with increasing pH, whereas tho vibnon soptiquo 
lysin behaves quite differently in this respect Wo observe for tins 
lysin a distinct point of minimum activity at about pH 0 8, with 
increasing liremolysis on both sides of it Thus it corresponds to 
typo B 

Tho substitution of phosphate buffer for normal serum does 
not alter tho course of the process as far as B ccicmahens ljsin 
and tetanolysin aro concerned, but it afTcofs in no small measure 
that of tho other two lysins, which both behave in tho manner 
of typo A, exhibiting optimal action at about pH 7 2-7 3 with 
decreasing liremolysis on both sides 

I do not propose to dismiss hero in detail the theoretical aspeot 
of tho course of theso curves, as this is discussed in my earlier 
publication I shall confine myself to stressing tho fact that 
destruction of ljsin caused dircctlj or indirectly bj certain hydrogen- 
nnd liydroxjl-ion concentrations may bo of importance 
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Table I (see chart 1). 


B •welchu (B perfhngens) lysin, strain 9 ; 20 Ziours’ culture. 



benim Wood mixture -r 0 03 c c lj sm 

ThospUatc-Wood mixture +0 005 c c lysin 

Mixture 


IT cmolj i>Is (per cent ) 

PH 

Urcmolysis (per cent) 

Toed 

( ontrol 

Due to 

1\ sin 

Total 

Control 

Due to 
Ijsln 

1 

G 35 

IS 

2 

4G 



■■ 


o 

c 50 

4S 

I 

47 





s 

G GO 

42 

i 

41 

G 50 

31 


1G 

•» 

G70 

37 

i 

30 

0 04 

28 


20 

<* 

GST 

33 

i 

32 

0 SO 

29 


24 

0 

7 00 

32 

i 

31 

0 05 

30 


20 

7 

7 10 

28 

i 

KK 

7 05 

30 

3 

27 

s 

7 20 

20 

i 


7 20 

29 

2 

27 

it 

7 35 

22 

i 

21 

7 30 

27 

o 

25 

10 

7 50 

Is 

i 

17 

7 40 

27 

2 

25 

11 

7 G7 

15 

i 

14 

7 55 

25 

2 

23 

1 u 

7 4 0 

11 

i 

10 

7 05 

20 

2 

IS 

11 

7 S5 

0 

i 

8 

7 85 

18 

o 

10 

! 14 

8 00 

s 

o 

G 

8 05 

15 

3 

12 

! " 




• 

8 40 

G 


0 



C.utt l — 17" t'njrtUi’ir*' of th" lij tlrogci-ion concentration for tho action of 
11 t'rV u (Is hsm. 
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Tablt II (sec chart 2) 

I tbnon scplique lysm, strain 3 , 18 hours' culture 
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Table III (see chart 3). 


B. ccdematiens lysm, strain 7 , 18 hours' culture. 






























pH AND HAEMOLYSIS 


91 


Table TV (see chart 4) 


Tctanolysm , 44 hours' culture 


Mixture 

Serum Wood mixture 4-0*01 c* Iy*ln 

Ilicwpltate-Mood mixture +04)18 c.c lysln 

/.ll 

n«nol}(b (per cent ) 

pH 

iremolyt-b (per cent.) 

Total 

Control 

Due to 
l>e!n 

Total 

Control 

Due to 
lysln 

1 

0 50 

48 

■fl 

48 






0 75 

48 


48 






0 00 

48 


48 

G 45 

38 




7 10 

34 


34 

6 GO 

32 



5 

7 30 

27 


27 

G 70 

25 



0 

7 38 

20 

■■ 

20 

6 80 

20 



7 

7 50 

15 


15 

7 05 

10 

VKmWm ; 

15 

8 

7 70 

10 


10 

7 17 

15 


14 

9 

7 80 


0 

6 

7 25 

10 


0 

10 

7 00 


0 

4 

7 45 

8 


Hal 

11 

8 10 


1 

3 

7 GO 


|Bnl 


12 

8 30 

m 

o 

2 

7 80 


l 

M 

13 


I Re 

12 


8 10 

KJH 

l 

HI 

14 



30 


8 35 

o 

o 

0 

1C 


■ 





75 




Chart 4 Tli© importance of the hydrogen ion concentration for the action of 

tetanolysm 
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A number of experiments were also made with a view to 
investigating the effect of pH on the stability of the four lysms 
examined. These were carried out in the following maimer 
Varying amounts of hydrochloric acid or sodium hydroxide were 
added to lysin in a series of test-tubes and the pH measured 
colomnetncally. The mixtures were then placed m the water-bath 
for 2 hours at 37° C , neutralised with equivalent quantities 
of sodium hydroxide or hydrochloric acid and the volume 
adjusted uniformly with 0-9 per cent sodium chlonde By 
titrating m the usual manner (horse blood corpuscles with phosphate 
buffer pH 6*8), the quantity of the different mixtures producmg 
the same partial haemolysis (25 per cent ) was determined The 
results of these experiments are exhibited graphically m chart 5. 



□ - - - B welchu (B perfnngens) lysm X - - . Vibnon septique lysm 

• - - - B cedemahens lysm O - - . Tetanolysm 

The points of optimum stability thus appear to be 

for B. welchn (B. perfnngens) lysm . about pH 5 0 
„ vibrion septique lysm . . „ ,, 5-0 

„ B cedematiens lysm . ,, „ 6 0 

„ tetanolysm . ,, „ 8*0 

A glance at charts 1-4 will show that a lysm destruction, of 
this land at any rate, can hardly be responsible for the course of 
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i ho tctnnoljsin cuno (olmrt 1) or for that of cither tho welchn- 
phosplnto cnno or either of tlio nbrion soptiquo cuncs, wliercns 
such a possibility exists os regards tho ttricAii-normal scrum ouno 
and both tho cuncs for tho II adcmaticn * hsin 

Summary 

1 In this work tho effect of pH on tho hicmoljsis of liorso 
blood corjitisolcs by tho lysms of Ii ticldm, vibnon soptiquo, 
Ii atfemattens, and Ii tclam is examined As tho hydrogen-ion 
concentration plajs a icry important rolo in tho courso taken by 
tho hicniolytio process, it must bo considered essential that, when 
quantitatno researches on hnemolysm aro earned out, this faotor 
should be kept constant in tho experimental mixtures by tho 
addition of smtablo buffer substances 

2 The point of maximum stability for tho various toxins lias 
been detennined 
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THE TOXICITY OF SOME METHYL DERIVATIVES 
OF BENZENE WITH SPECIAL REFERENCE 
TO PSEUDOCUMENE AND HEAVY COAL TAR 
NAPHTHA * 

G R Cvwirok J L H P ATr nsov, G S XV df Saium and 
J C TnouAS t 

Lmfcmty College Hospital Medical School , London 

It w ns shown by Cameron clal (1037) that certain chlorine deriva- 
tives of benzene, especially o-diclilorobonzcnc, which had proved 
valuable in the campaign against the bed bug ( Cimcx leclularius 
Linn ) vv ere toxio to laboratory ammnls Tlio opinion vv ns expressed 
that it w as inadv isable to expose human beings to o-dichlorobenzono 
In searching for more suitnblo agents against the bed bug, after 
conferring with Messrs Ashmore and McKenny Hughes it vras 
decided to investigate some of tho methyl derivatives of benzene 
Tattcrsiicld and Roberts (1020) had already shown tho efficacy of 
pscudooumeno (1 2 4 tnmethylbenzcno) agninst vviroworms Pre- 
liminary experiments by Thomas and McKenny Hughes with bed 
bugs gave promising results and led to the extensive investigation 
of Ashmore and McKenny Hughes (1037) These workers obtained 
oxcellont results m tho field, both with technical pseudocumene 
and a heavy coal tar naphtha containing about 30 per cent 
psoudocumcne Moreover they showed that with effective 
ventilation heavy naphtha rapidly disappears from rooms even 
after tho maintenance for 24 hours of an air concentration of 
0 12-0 IB per cent Eight hours’ ventilation was sufficient to 
reduce tho concentration to 0 000 per cent V/V and there was 
no further “ building up ” 

Tho importance of knowing whether these compounds were 
injurious to experimental animals and presumably in that case 
to man was recognised from the start Laboratory experiments 
were therefore corned out both on pseudocumene and heavy coal 
tar naphtha and on some of tho simpler methylated benzenes 
Tins paper reports the results of these experiments 

* Work earned out for tho Bed Bug Infestation Committee of tlio Medical 
Research Council 

f Graham Scholar 
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Methods 

Wo have worked with fully grown male and female albino rats, guinea- 
pigs, mice and rabbits Most of the rats were of the Wistar strain In 
all about 700 animals, chiefly rats and mice, were used The effects produced 
by the subcutaneous and mtraperitoneal injection, oral administration, 
inhalation and painting on the skin of toluole of o-, m- and p-xylole, mesi- 
tvlene, pseudocumeno and heavy coal tar naphtha have been studied. At 
the conclusion of the experiment the animals were killed with ether or a 
sharp blow on the head and pieces of lung, liver, kidney, spleen, adrenal 
and occasionally brain and subcutaneous tissue from the site of injection 
were fixed at once m 10 per cent formol-sakne and 70 per cent alcohol 
Paraffin sections were stained with Ehrlich’s acid hEematoxyhn and eosin 
and by van Gieson’s method, frozen sections with Scharlach R A complete 
blood exammation was carried out by one of us (J L H P ) on a series of 
rabbits before and after subcutaneous administration of the substances under 
investigation This mcluded both total red and white cell counts using a 
Burlier counting chamber, lisemoglobin estimation using the Haldane method, 
platelet and reticulocyte counts with supravital brilliant cresyl blue staining 
and a differential leucocyte count on smears stained by Jenner’s method 

For inhalation experiments we used practically the same apparatus as 
described by Cameron el al for chlorinated benzenes In view of the 
higher volatility of pseudocumene, compared for example with that of 
o -dichlorobenzene, the saturation unit was redesigned to ensure complete 
saturation The principle of the now saturator is shown m the accompanying 
figure The air is first bubbled through two wash-bottles (d x and d.) 
containing tlio liquid and then through a tube packed with cotton wool (e) 
which has been well soaked in the liquid Tins tube however may be 
omitted The air is then split up by bemg passed through a sintered porous 
glass plate (g) and is bubbled upwards through a 1 metre column of 
the liquid (h) In a number of experiments checked by chemical analysis 
of the air in the gas chamber, the final figure for the saturated air with the 
now saturator was within 1 part m 6000 of the theoretical figure The 
apparatus was accurato down to 00 parts per million and maintained that 
accuracy during a continuous run of 48 hours 

It is our opmion that the comprehensive laboratory investigation of a 
supposedly toxic agent should attempt to determine the following 

1 The smallest fatal and lowest toxic dose for a variety of animals by 
■v anous routes of administration 

2 The nature of the pathological changes in tissues and blood produced 
by toxic doses. 

3 Differentiation between acute and chronic effects 

4 Effect on the growth of animals of prolonged exposure to the toxic agent. 

5 Influence on reproduction, especially interruption of pregnancy and 
fcetal changes 

G Acquisition of tolerance (resistance) or susceptibility 

7 The factors which may modify the toxic action, c g fatigue, general 
nutrition — especially degree of fatness, sex and ago 

8 Preventive, protective or curative measures which may be directed 
acriun^t any toxic effects. 

9 Interpretation of results in terms of hazards occurring in industry, etc. 

So far as the methylated benzenes are concerned, n great deal of informa- 
tion aln ady exists m relation to items s and 9 and is fully discusser! by 
Alic* Hamilton {J925), Legge (1931) and Etlul Browning (1937) Tins 
pnjy r deals with «omo of the remaining pomts. 
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Results 

Heavy coal tar naphtha 

The heavy coal tar naphtha samples used m these experiments 
•were obtained from a number of firms and satisfy the specifications 
drafted by Ashmore and McKenny Hughes, viz 

“ 1 Colour — Shall not be darker than a freshly prepared solution of 1 ml 
of 1ST/10 iodine in 1000 ml of distilled water 

2 Specific Gravity — Not less than 0 835 and not greater than 0 910. 

3. Water — Shall be free from water and other visible impurities at 15 -5° C 

4. Distillation Range . — Method as defined mBSL Specification No. 479 

for Coal-tar Naphthas 

Up to 160° C not more than 5 ml 
Up to 190° C not less than 90 ml 

6 Flash-point {Abel) — Not less than 105° F 

6. Tar Acids and Tar Bases — Not more than 0 25 per cent of tar acids 
and 0 25 per cent of tar bases ” 

’The mam constituents of heavy coal tar naphtha are the trimethyl 
benzenes — pseudocumene (1 2 4-trimethylbenzene, BP. 169 8° C ), homi- 
melhtol (1 2 . 3-tnmethylbenzene, BP 176° C ) and mesitylene (1 3 5- 
tnmethylbenzene, BP 164 5° C ) There are present m addition propyl 
benzene (B P 159° C ), tetramethylbenzene (B P 192° C ), cumarone (B P 
169° C ), mdene (B P 178° C ) and methyl ethyl benzene (B P 159° C ), 
with small amounts of naphthalene (B P 218° C ), tar acids (phenolic) 
and tar bases (dimethylpyndenes) Possibly also there are minute traces 
of tnmethylthiophene Pseudocumene and mesitylene constitute about 
65 per cent of heavy coal tar naphtha 

The animal experiments are summarised in tables I-IV 

Table II 


Subcutaneous administration of heavy naphtha * to rats 


Xumher of 

1 animals 

i 

Amount injected 

Killed after 

Bcsults 

3 

10 ce 

24 hours 

Organs healthy necrosis at 




injection site 

3 

0 5 „ 

>1 

Organs healthy necrosis at 




injection site 

3 

0 1 „ 

»* 

Organs healthy necrosis at 




injection site 

3 

0 05 „ 

99 

Organs and tissues healthy 

3 

0 01 „ 

7 days 

>> 99 99 *9 

3 

0 005 „ 

99 

99 99 99 99 

3 

0 001 „ 

99 

99 99 99 99 


Body-weight of rots varied from 120 to 220 g The maximum dose corresponded 
to a g per kg bodj -weight 

• Gas Light and Coke Co naphtha 


Conclusion. Rats are resistant to large amounts of heavy 
naphtha administered subcutaneously 





Table T — Toxicity tats on 8 samples of hem y coal tar naphtha [temp 20* C ) 
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Table in 


Inhalation of air saturated with heavy naphtha * ( temp 15-20° G ) 


Animals 

Number 

used 

Pcnod of 
exposure 

No which 
survived 

Killed after 

Besults 

Rats 

6 

12 hours 

6 

12 hours 

Organs healthy 

W 

12 

24 „ 

12 

1-3 days 

ft 

tt 

Mice 

12 

m .. 

12 

24 hours 

it 

ft 

Guinea-pigs 

6 

21* „ 

6 

24 „ 

it 

ft 

Rabbits 

3 

12 „ 

3 

3 days 

it 

tt 


The body -weight of the rats varied from 150-200 g , mice averaged 20 g , guinea- 
pigs 200-300 g , rabbits 2 kg Both males and females were used The animals 
fasted during the experiments 


* Gas Light and Coke Co naphtha 

Conclusion Rats, mice, guinea-pigs and rabbits exposed for 
12-28 hours to air saturated with heavy naphtha experience no 
ill effects and show no evidence of damage to their organs or tissues. 

Table IV. 


Piolonged exposure of rats to air saturated with heavy naphtha * 
(temp 16-20° G ) 


Bat no 

Period of 
exposure 

Weight 

Behaviour and 
appearance 

Besults 

at 

commencement 

at 

termination 

1 


142 g 

215 g 

Active, healthy 

Organs healthy 

2 t 

m ' 1 " HK 

130 „ 

230 „ 

ft if 

tf ” 

3t 

Hi 

146 „ 

250 „ 

it » 

tt >* 

4 

■1 - 

144 „ 

250 „ 

it ft 

tf *• 

5 

H 

164 „ 

220 „ 

it tt 

tf »» 


* Gis Light and Coke Co naphtha 

t Female , gave birth to six healthy > oung mts one month after exposure began 
t Female , pregnant at cessation of experiment , obviously this animal had become pregnant 
during the experiment 

Conclusion Rats can be exposed for two months to air 
saturated with heavy naphtha without showing any diminution 
in their rate of growth or activity There is no evidence of damage 
to their organs or tissues after such exposure nor of interference 
with reproduction. 


In addition, rats were given 0 12-0*25 c c heavy naphtha by 
mouth All survived, although those receiving the larger doses 
showed evidence of shock and considerable respiratory embarrass- 
ment for half to one hour afterwards Their organs on examination 
24 hours later were healthy. Painting extensive sldn surfaces 
with heavy naphtha produced m rats and rabbits evidence of 
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considerable local irritation, "which however was temporary There 
was no evidence of damage to the organs 24 hours after such 
treatment 

With rabbits 2 kg m weight, intravenous administration of 
0 1-0 4 c c of heavy naphtha produced neither immediate nor 
delayed disturbance The organs and tissues appeared quite 
healthy after such doses 

General conclusions In these experiments the animals were 
subjected to a very severe test, namely either large doses 
administered subcutaneously or exposure to air saturated with 
heavy naphtha at room temperature (16-20° C ) Such conditions 
are far in excess of anything likely to be encountered m the field 
It appears then that small laboratory animals are highly resistant 
to heavy naphtha whether administered in huge doses sub- 
cutaneously or by exposure for short or prolonged periods to air 
saturated with naphtha 

Fseudocumene and mesitylene 

Pseudooumene (1 2 4-tnmethylbenzene) and mesitylene 
(1 3 5-tnmethylbenzene) are present in coal tar naphtha Both 
are colourless liquids whose boibng points are 169 8° and 164° C 
respectively Separation on a large scale by fractional distillation 
is therefore extremely difficult 

The technical pseudocumene used in these experiments was obtained 
from British Drug Houses, Ltd Mr S A Ashmore has supplied us with 
the following information about it 


Specific gravity at 60° F 0 865 

Befractivo index at 20° C 1 489 

Boiling range 163°-169° C 

Flash pomt (Abel dosed) 111° F 

Concentration of vapour m air saturated at 60° F 0 19 per cent 

volumo/volume 


The sample wo worked with contained approximately 70 per cent of 
crude aromatics of the pseudocumene mesitylene type A pure somplo of 
mesitylene (B P 164° C ) was supplied by British Drug Houses Ltd 

Rats tolerate large doses of psoudocumene and mesitylene 
subcutaneously, as much os 2 c c (12 c c /kg body weight) having 
been administered without fatal results On the other hand, 
15-2 0 co intrapentoneally resulted invariably in death within 
24 hours 

Pseudooumene when inhaled produced no ill effects Even 
after 48 hours’ continuous exposure to air saturated with pseudo- 
cumene and after 14 exposures of 8 hours each, rats appeared 
unaffected and microscopical examination of their organs failed 
to disclose any pathological change 

jours or rAtn — vol artvi 


o 2 
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Mesitylene, however, proved toxic on high concentrations 
(table V) Thus of 16 rats exposed to air saturated with mcsi- 
tylene (12 mg per litre or 2240 p p m ) for 24 hours 4 died Then 
organs showed no change, apart from congestion of the lungs 
The annuals slowly became narcotised and died from respiratory 
failure Twenty-four hours’ continuous exposure to 1/4 saturation 
(560 ppm) produced no ill effects, neither were rats affected 
after 14 days’ exposure to a concentration of 560 ppm for 
8 hours daily. Mice were unaffected by 14 days’ exposure to 
560 p.p m of mesitylene. 

Prolonged exposure to the lower concentrations of pseudocumene 
and mesitylene did not interfere with growth. Several female rats 
gave birth to healthy offspring whilst exposed to pseudocumene. 
These young rats giew noimally when separated from their mother 

Conclusion. We believe therefore that pseudocumene is 
innocuous to laboratory animals, wlulst mesitylene in high 
concentrations may be toxic 


Toluole and the xyloles. 

Since a fair amount of work has already been done on toluole 
and the xyloles i\e need only summarise our results, which are in 
fair agreement with those of previous workers (Browning). 

With subcutaneous injection the lethal dose for toluole was 
5-10 c c per kg , for p- and m-xylole 5-10 c c per kg and for 
o-xj lole 2 5-5 c c. per kg With mtraperitoncal injection the lethal 
<lo M3 for toluole was 2-0 c c. per kg , for p- and m-xylole 2-2*5 c c. 
per kg and for o-xylole 1 *5-2 e c per kg. body-weight With 
inhalation (table V), exposure to 12,000-24,000 ppm of toluole 
proved fatal to rats and mice in 14-6 liouis, whereas 24 hours’ 
exposure to 6100 ppm or 14 exposures of 8 hours each to 
1525 p p m was without effect 

In the case of the xyloles, o- and m-xylole appeared equally 
toxic, concentrations of 2000-3000 p.p m. killing animals after 
24 hour-’ exposure Mice appeared to be more sensitive to 
ni-\\lo!e than rat*-. p-Xjlole. on the other hand, was less toxic 
than the other 5 - The organs of animals dying after exposure to 
toluole or xjlolc showed no characteristic changes 

Yen young rats were more resistant to toluole than adult 
animal' Thus 3.1 per cent of a group of 12 rats 0 days old 
Mimvcd 3- hour-* expo-ure to air saturated with toluole in 
contrast to 100 per cent mortality within 5J hours in a group 
of adult rut- 

f r,! On the whole the .xjlolc- appear to be somewhat 

iror** toxic t!> in toluol* , but there i- not a great deal of difference 
hr*- tt n ran o^tl.cjn However with concentrations approximating 
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those possible under industrial conditions even prolonged exposure 
failed to produce any serious effects. 

Blood changes 

The results of the blood examination of representative rabbits 
are shown in table VI No definite effect has been produced, the 
variations noted being well within the limits of normality for 
rabbits laid down by Pearce and Casey (1930). Although a number 
of observers (Selling, 1910 , Batchelor, 1927 ; Woronow, 1929 , 
Mgebrow, 1930 ; Farber, 1933 ; Engelhardt, 1935) have described 
alterations in the blood after exposure to toluole, xyloles and 
pseudocumene, a careful scrutiny of their figures when given 
inspires little conviction, since no attention has been paid to 
normal variations. Neither has any worker considered the possi- 
bility of spontaneously developing blood diseases. Professor 
A E Boycott tells us that he has several times seen a severe 
anaemia develop in a rabbit apparently spontaneously One such 
instance, largely a dilution anaemia, was studied by Boycott and 
Douglas (1908-09). In two of our rabbits severe anaemia of the 
aplastic type developed before the experiment commenced. If 
these had not been recognised the condition might well have been 
attributed to one of the agents studied 

Conclusions, 

The order of toxicity of the substances under investigation 
appears to be 

heavy naphtha and pseudocumene <mesitylene<toluole<xyloles. 

Our results may be summarised as follows : — 

Toluole. 

12,200 p p.m — fatal to rats and mice in 6| hours 
1,525 „ — rats survived 14 exposures of 8 hours each 

o-Xylole 

6,125 ppm — fatal to rats and mice in 12 hours 
3,062 „ — fatal to rats and mice m 24 hours 

1,530 „ — rats survived 14 exposures of 8 hours each 

m-Xylole. 

8,040 ppm — fatal to rats and mice m 24 hours 
2,010 „ — fatal to mice in 24 hours , rats survived 

1,005 „ — rats survived 14 exposures of 8 hours each 

p-Xylole. 

19,650 ppm — fatal to rats and mice 
4,912 „ — rats and mice survived 24 hours’ exposure 

1,226 „ — rats and mice survived 14 exposures of 8 hours 

each 
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Table VI 

Blood changes foUomng the subcutaneous injection on 3 consecutive days 
of l ce of some methylated benzenes ( representative rabbits ) 
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Mesitylene. 

2,240 ppm — fatal to rats m 24 hours 
560 „ — rats and mice survived 14 exposures of 8 hours 

each. 

Pseudocumene. 

1,800-2,000 p p m. — rats survived 48 hours’ continuous exposure 

or 14 exposures of 8 hours each 

Heavy coal tar naphtha 

3,200 p.p m — rats survived contmuous exposure for 2 months 
Some samples ■were toxic to mice. 

Pseudocumene and most samples of heavy naphtha are without 
toxic effect on laboratory ammals, mesitylene is toxic in high 
concentrations, probably only when the air is saturated with it, 
whilst toluole and the xyloles have a fairly wide range of 
toxicity 

Prolonged exposure to concentrations comparable with those 
occurring in industry (1000 ppm for toluole and xyloles according 
to Batchelor, probably much lower for the other members of the 
group) leads to no ill eflFects Growth proceeds normally and the 
offspring of exposed females are healthy. No characteristic changes 
are found m the organs of ammals poisoned by the toxic compounds. 
Death occurs with increasing muscular weakness, narcosis and 
respiratory failure. There is no evidence of a specific action on the 
haematopoietic system 

We know of no cogent reason why heavy coal tar naphtha or 
pseudocumene as specified m this paper should not be used under 
conditions involving human exposure 

The expenses of this investigation were met by a grant from the Medical 
Research Council, to whom our thanks are due We are grateful to 
Hr H. Taylor, Imperial Chemical Industries Ltd , and to Mr S A Ashmore, 
•Government Laboratory, London, for valuable information, and to 
Mr F J Crew for much assistance m the experiments We wish to express 
■our appreciation of help afforded by Wm Butler & Co (Bristol) Ltd , 
Dorman, Long & Co. Ltd , Middlesbrough, Scottish Tar Distillers Ltd , 
Falkirk, The Gas Light and Coke Co , London, and Yorkshire Tar Distillers 
Ltd , Knottingley. 
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the nature of this tissue and from tlieir drawing no diagnosis is possible. 
Holton (1929-30), implanting liver pnmordia or pieces of [liver from embryos 
of 3-G days’ incubation, found that liver developed up to the 12th day of 
incubation as a non-lobulated mass of normally developed tubules and 
sinusoids At this timo degenerative changes occurred, accompanied by 
an infiltration with granulocytes, and by the fourteenth day no hver was 
left jSTo gall-bladder was distinguished Holton considered that the 
sudden change m the character of the transplant at twelve days was due 
to a change m the metabolic methods of the liver cells at that date 

Willier and Rawles (1930, 1931 a and 6), and Wilher, Rawles and Rudmck 
(1931), grafting early blastoderms, foimd that the liver consisted of an 
interlacing mass of hver cell cords and sinusoids without lobes or lobules, 
connected an some grafts with the gut by an epithelial tube which they 
considered to be the gall bladder Liver did not as a rule develop 
in the absence of heart This was confirmed by Rudnick (1932) 
R. H Sandstrom * (1934) (nde R G Holton), in grafts of gut and liver from 
embryos of 3-6 days’ incubation, found that hver up to 90 hours old at 
the time of grafting grew as a mass of hver cell cords connected with a 
structure lepresenting the gall bladder and corresponding very well with 
embryonic hver at the same stage of development Liver grafted when 
6 days old showed enlargement, but was cystic and degenerate By the 
eleventh day all grafts were densely infiltrated with granulocytes She 
quotes Willier as having stated in a personal communication that “ in 
ehono-nllantoic grafts of liver tissue from hatched chick donors, only the 
bile ducts remain in the midst of an intense infiltration of leucocytes, the hver 
cells apparently having undergone disintegration ” (R H Sandstrom, p 239) 
Sho concludes that, ns degeneration is less marked when gut is included 
in tho graft, it is duo to inability to function, and compares it with the 
corresponding degeneration of glandular tissue in the pancreas after ligation 
of the duct, where the islets, whose function is not mterfered with, survive 

Methods 

Since autoplastic transplants were clearly out of the question, liomoio- 
plnstic transplants were carried out, using chicks of 18 days’ incubation. 
The cluck is removed from the egg in a sterile manner, tho liver excised and 
cut into fragments from 2 to 4 mm across t As hosts, eggs of 10 days’ 
incubation were used After the production of an artificial air sac as 
recommended by Burnet (1933), pieces of liver are blown on to the chorio- 
allantois with sterile Pasteur pipettes The hole in the shell is then covered 
with a sterile coverslip and luted with paraffin wax The eggs are returned 
to the incubator and tho transplants rcmo\ ed for histological examination 
at uiton als varying from one hour to ten days. 

After a feu tnnls it was found thnt Regaud’s fixative used as recommended 
bj Dutluo (1933) gave the best results Paraffin sections wero stained with 
Khrheh’s luemntoxylm and eo=in and with Wcigcrt’s iron hsemntoxyhn and 
van Giebon’s stain for general topographical purposes Frozen sections 
were stained with Sudan IV for fat and by Mclndoc’s method for bile 
capillaries A few transplants were fixed in 06 per cent alcohol and paraffin 


* It II. Sniut-trom'B extracts from the literature, u hen not positively inaccurate, 
n-e rslrtwlv misleading nntl should always bo verified 

t Th-re seen.* to lie’ll prejudice in fav’our of small transplnntR If however in 
sli" twli stares n constant depth of cells survives, the larj-rr tho transplant within 
r> fir/innh' « limits th- 1 m tt< r Moreov er if v asculansation is excited hj tho products 
of nulolvs «, n tnrpi. tmnsjilnnt stands n ) letter chance of vas-ulonsation than a 
''jail on- Last hut not 1-nst, large tmnsplnnts are easier to find 



mono j u.\stow uur m 

H'^-t w » 4 "in *1 l*\ IV 4 * 4 a itv* 4 ! **! fir F 4 yn ? i r.* till' 4 '* i* 

ij'WtwianiP^HIn TMt*iJ" ] rri »| 111 *i!} * tf - r «7 

J IlnMoinri tsTtr r.rtiT. 

IT dnr 1 |h ■jJn't rmlirtn (fir) li'rr trmfl* 

'III" M'U't’irr* of tli' pmftnl nittml n *limn m ft^ I II < 
littr Inlnili » fito jxKirh “"inrittvi from «>«<* iti«t!n<- tlirir ) t it 
lame itnlint/il ■■nh In tin 4 |i*v 4 iil « imU Tli» htir roll' in 4 <!>< 
toml'il twill fit tin li.l< tltict: ft i, mull mill lii'iin-'pt.'iinli 4 

t'ji to n1*ti*i! 1 limir-i llit- irn ‘films* rtjij«"ir \it II jmi "fir'* 
tlnnmll n* rwh n* oi« Imiir tlif* iiii'ot lioti'Im »h<m t niti'Mi in 
m* tii'l iliftnliutinti prntur tint tin! ma in !li<* o-mn il j.r>fvi| 
rnit. nil IU 4 lion i 4 ' i til marl til |>t! in* »» ami fii«>i' i 'i.itn.ii of 
tin nut In rin I" m«<!i out m 'I «n •> a* tin* tint'* aim . It 

alumni mitot Immln it k |«n'» i into »l -<*< rm n* ft) an oii'ir 
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among the surviving liver cells are trabecular masses of eosinophil 
liver cells showing such an increase of mitochondrial substance that 
no separate mitochondria can he made out No bile ducts have 
been observed. 

At 2 days (fig 4) the transplant has sunk down into the 
chorio-allantois, which closes round it to form a bag ( cf Wilker, 
1924, “ incorporation of the graft ”) Most grafts show otherwise 
httle advance on the previous dajr , others show irregular nodules 
of hver cells replacing the continuous ring Shght signs of activity 
are occurring on the part of the membrane, including oedema and 
increased vascularity and cellulanty 

By the third day (figs 5, 6 and 7) the hver cells are arranged 
in small groups near the surface of the transplant and show shght 
cyst formation In that part of the transplant which was originally 
apposed to the membrane are a few isolated cysts whose nature is 
rather doubtful I am inclined to regard most of them as composed 
of hver cells because of their irregularly shaped lumen, their 
rounded nuclei, their numerous vacuoles (no vacuoles have ever 
been observed m the unquestioned bile ducts which are identifiable 
in older transplants) and the apparent transition between them and 
undoubted hver cells Against this and m favour of their being 
bile ducts is the elongation of many of the nuclei, and the extremely 
small number of mitochondria. In the larger cysts, owing to the 
flattening of the epithelium, no distinction is possible 

Calcification first appears at this time it occurs m all transplants 
of greater age than two days Occasionally the whole transplant 
dies, but usually nodules of hver survive In either case multiple 
tiny granules of calcium salts fill the degeneratmg hver cells, usually 
preserving their outlines but never extending far into the transplant 
Later the calcified patches coalesce to form larger masses which 
may fill much of the centre of the transplant (figs 12 and 13) 
Reaction on the part of the membrane is now well defined, though 
never very marked CEdema and cellular infiltration occur and 
some invasion of the graft by capillaries and fibroblasts There is 
usually some haemorrhage, often with “ pseudopodial ” tracking 
along the membrane, and green staining round the transplant 
Proliferation and vaeuolation of the cells of the membrane occur 
often, with keratimsation and cell nest formation No leucocytic f 
ring (Cameron and Oakley) is ever seen 

On the fourth day (figs 8 and 9) the trabeculation of the hver 
cells is very marked and growth is evident, though no mitoses have 
ever been seen Bile ducts are few and far between, usually far 
away from hver cells and easily distinguished from them Bile 
capillaries can occasionally be demonstrated in the hver trabeculae 
and small cysts are co mm on In one transplant a large mass of 
erythropoietic tissue was present (fig. 5). 





















jouuwi Of i*iTiroior\— \ot xm Platt VIII 

Cuomo ATLANToir lim n grafts 



Fin 0 — 1 8 day chick cmbrj onic li\ or Fin 7 — 18 day chick oinbrj omc li\ er 3 days 

3 dajs xGO Detail of cysts X300 



Fig 8 — 18 day chick embryonic liver Fig 0 — 18 day chick embryonic liver 4 days 

4 days XG6 Detail of liver celled cysts x320 

All sections stained with Ehrlich's htrmfttoxylin and eosin 
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On the fourth day and after, the trabecuhe of liver colls are 
separated by well developed sinusoids lined by Kupffer cells 
Occasionally (especially from the sixth day) large bile duots appear 
They are stniangly different from the liver cells, showing a high 
columnar epithelium surrounded by a circlet of smooth musclo 
(fig 10) They also may become cystic (fig 11), but retam at 
least m part their high columnar epithelium with elongated nuclei 
No connection between liver cells and these large bile ducts could 
be made out, they were occasionally present m grafts showing 
no hver cells From now on regular growth of hver cells ocours, 
replacing the necrosed tissuo of the transplant if it is not too large 
Either several separated nodules of hver occur, or the transplant 
is replaced by hver cells developed in typical trabeculie and separated 
by smusoid-hke capillaries (fig 12) 

At the 10th or 11th day, beyond which incubation cannot bo 
prolonged owing to the hatching of the chick, the transplant consists 
of a central necrosed, patchily calcified mass surrounded by a 
broad band of hver cells, mostly m well formed trabecula: with 
sinusoids, liver-celled cysts, a few bile ducts, large and small, and 
a varying but always small amount of granulation tissue (fig 13) 
Only on one occasion has any connection between bile ducts and 
hver cells been demonstrated 

Though success was obtained by Dancliakoff (1924), Sandstrom 
and G L Kauer (1932) and Van Camponliout and Simard (1932) 
with other tissues, serial transplants of hver from egg to egg 
invariably failed, as the granulation tissuo always ovorgrew the liver 

10-day embryo chick liter grafts 

The graft material is very similar to 18-day embryonic cluck 
liver, but contains no demonstrable bile ducts and no fat Develop- 
ment follows tlio same lines ns that of 17- to 18 day cluck embry o 
liver The differences aro (1) the growth of hver cells, winch 
sometimes contain a littlo green pigment, is a littlo better , (2) the 
great bulk of the transplant is composed of cy sts, possibly developed 
from bile ducts, appeanng about the fourth day , by the 8th day 
tlio cysts may contain altogether ns much as 1 cc of fluid, which 
is yellow, contains much protein and gives a negative direct and 
indirect van don Bcrgh reaction Fow or no ordinary bile ducts are 
present 

Adult hen liver 

Murphy (10141) stated that grafts of adult hen liver usually produced 
marked necrosis m tlio chono allantois and that if any liver survived it was 
in tlio form of a fow scattered bile capillaries (1 lido ducts) lln nI«o found 
(1910) that mushes of adult hver blown on to tho chono allantois survived 
grafting V\ illier (1924), compnnng tho growth of grafts of other organs 
with tlint of thyroid grafts, found that liver grow ui tho chono nllantois 
jorrv or wti? — tou xlyi II 
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Grafts were carried out with adult hen liver, age about 2 years 
lu general the course of events was the same as with embryonic liver, 
but growth of liver cells, except in one case where it was as good 
as in embryonic cluck liver, was rather poor Bile ducts were 
relatively much more prominent and were usually surrounded by 
fib rous tissue suggesting a portal canal It is 
y difficult to obtain adult hen liver certainly free from organisms, 
and possibly the reaction of the membrane to these transplants 

ue ln f e °tion , it was consistently more severe 
than that of 10- or 17-day embryonic liver 

II Heteroplastic transplants 
grow'Tjhe eho™ tUmoUrs from rat and man would 

by Stevenson (1917 a Tnd' 6 S "! 01 ' k has been confirmed and extended 
and Avery (1937) for the rat ’and ribS m ° US6 by 

(1932) found ^Donr* ° nd ^ dber (1927) and Nicholas and Budmck 

° f *■“ ° f - 

1933 and 1934 co ‘ workere (Sandstrom, 1929-30, 1932 u and ft, 

our«n i™i“^,l"?f r0m r d J T K ““-’ 1932 - 1933 ) >»™ 

of the duck and viep ra nsplants of chick kidney on the chono-allantois 

S r da ? 0 “ <1929-30) tad Hint duck Indne, 
24 days Bv the 27tl, ,7 811 018 of the chiefe until its total age was about 

tissue infiltration Since Tt ^Tdlvs **?*?"? ass °ciated with granulation 
he concluded that “ speoificitv ” rfJl,’ duc ^ kidney is fully differentiated, 
of the membrane is due to tw d ® f lo P s a * th,s ^ and that the reaction 
duck tissue Xs not morn (1 ? 32a) > that the reaction to 

chorio -allantois, he decided thatTh™^* * hat «° cluck ku3ne y m the chick 
m the chick as WaS &ImoSt aS 

J T Kauer (1932 Further experiments by Sandstrom and 

(1932, 1933) L Kauer 
i asculansation is assured hn u +T , P Iants convinced him that if reasonable 
or perhaps its specific character ma l density of the transplanted material, 

survival and ^ (Sandstrom ’ 1933, 1934)) 

the general fadure of grafts of adult °i functl0n Ho contrasts 

up a secreting mechanism with firatli^n y ’ J vhloh are never able to build 
metanepliros (c/. Attertoiy, 1922-23) act ^ ve growth of young secretmg 

growth of “ passive non -fnnAf in », J and, secondly, with the excellent 

His final conclusion seems to be that strac ^ as as cartilage and bone 
depends entirely on the nature nr +i Ur ?’ ival °^ a graft in the chorio -allantois 
on the host atUrS ° f the transplanted material and not at all 

Md 

s olvit , T °T d t,K ed « e W * ^spl.nts 

ducts only ,ntl, n d ’ °f y eho ' red “Z» s of growth, one of bile 
onl, nth a surrounding zone of fibrous tone, the other 
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to a degree rendering impossible the development of even embryonic 
tissue of the same species Moreover though embryonic cluck liver 
grows readily m the cliono-allantois, adult hen liver is sufficiently 
individualised to grow only poorly, wlule duck and rat liver (even 
embryonic) have sufficient specific individuality to grow even less 
Poorly individualised structures such as tumouis grow readily 
m the chono-allantois, but will not glow m the hatched chick 
(Murphy, 1913) 

An attempt was made by Murphy (1914a) to demonstrate that 
a refractory phase occurs m the chono-allantois, whereby its 
development of individuality prevents the development of grafts 
beyond the 20th day of incubation of the host. As Sandstrom 
(1932a) has pointed out, the circulation through the chono-allantois 
is at that time degeneratmg ( cf Byerly, 1930, on the weight of the 
allantois), and the “ refractory phase ” may be only an expression 
of the poor blood supply of the transplant Sandstrom’s own 
opinions have changed a good deal with time (see p 114) , no doubt 
all the factors he mentions — vasculansation, differentiation of the 
graft, function, specificity — play a part Clearly differentiation 
cannot be the whole story, for adult hen liver, which must have 
differentiated completely years before, occasionally grows well m 
the chono-allantois I favour very strongly the view that the 
chono-allantois is a poorly individualised structure, which will 
allow the continued growth of almost any tissue whose degree of 
mdividuahsation, personal or specific, is not too extreme 

The formation of liver-celled and bile duct cysts makes it clear 
that both types of cell are secreting, though only in transplants 
of 10-day liver has any pigment been demonstrated ( cf Lynch’s 
observations (1921) on tissue culture of hver) The degeneration 
of transplants has been ascribed by Holton to a change m the 
metabohc habits of hver cells and by Dalton (1936-37) to retention 
of secretion Holton’s view is subject to the objection that the 
change usually occurred when the chono -allantoic circulation was 
faihng . even if it is true it will not explam the growth of 18-day 
embryonic hver or adult hver, unless, once the change, eg from 
protein to fat and glycogen as energy sources, has been surmounted, 
the capacity for growth is regained Certainly it would be expected 
that at a time when changes in metabohc methods were occurring 
the organ would be more vulnerable However, very few of my 
transplants show much degeneration, of hver cells, and it is very 
probable that no direct comparison can be drawn between them 
and hvers of chicks of 3-6 days’ incubation No glycogen could be 
demonstrated m my transplants 

In Cameron and Oakley’s autoplastic transplants of rat hver, 
bile ducts and liver cells were in the early stages fairly comparable 
in quantity, while later the hver cells degenerated and disappeared. 
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leaving only isolated nests of bile duets By comparison, transplants 
in tlie chorio -allantois — setting aside the grafts of 10-day embryonic 
liver, which contain hardly any bile ducts — show m almost all 
cases a marked predominance of liver cells In the first tu enty-four 
hours, in fact, no bile ducts can bo detected The band of surviving 
hver cells is in all cases notably thicker on the surface exposed to 
the artificial sac than it is on that opposed to the chono-allantois 
This rather paradoxical observation may probably be explained 
by the fact that the chono-allantois is a respiratory organ whose 
function is to remove oxygen from the air sac and convey it to 
the chick , consequently the oxygen supply available by diffusion 
from the artificial air sac may be greater than that supplied by the 
chono-allantois Possibly the poor results obtained by earher 
workers may be in part due to the fact that they used the closed 
shell method, without artificial air sac By the third day the 
transplant is usually entirely incorporated and the difference 
disappears 

It seems certain that the degree of growth exhibited by hver 
cells and bile duets depends not merely on the inherent difference 
in their capaoity for survival but also on the local conditions 
Usually bile ducts appear the hardier, for they survive to a much 
greater extent than liver cells in autoplastio transplants in the 
omentum (Cameron and Oakley), in the anterior chamber of the 
eye (BOck and Popper, 1937), in autoplastio transplants of hver 
damaged by biliary obstruction (Cameron, 1935), m infarcts of the 
hver (Cameron and Mayes, 1930) and in tissue culture * of adult 
hver (Akamatsu, 1922-23 , Mitsudn, 1923, 1924 , BOrner and 
Herzog.f 1928-29) In chono-allantoio grafts however, hver colls 
develop much more actively 

That local conditions affect the proportional growth of tissues 
and their degree of differentiation can bo illustrated by numerous 
other examples Danchakoff (1922) showed that grafts of pro- 
nephric pnmordium in the chono-allantois invariably showed for 
greater development of pronephros than over occurred m the 
developing chick 

Wilber and Kawles (1930, 1931a) and Hunt (1931) have shown 
that hver does not develop in grafts of early chick blastoderms 
unless heart is present also, though heart often develops without 
liver In this connection it is interesting to note Kapol’s (1920, 


* Moat nttempts to grow embryonic li\cr in tissue culturo lia\o been mado 
with In or at a stage of do\e1opmcnt (3 0 days) when fow or no bilo ducts aro present 
(Lynch, 1021 Knpel 102G 1020 , Doljanski, 1031), and havo consequently thrown 
littlo light on the matter but Dobrowolskj (1010) apparently grow raj Incr cells 
in congulntod ray plasma (species not stated) without anj growth of bdo ducts 

t BGmer and Herzog's claim that transition forms between bilo duct epithelium 
and h\ er cells can bo seen in tissuo culture of li\ or is nlmost certainly explicable bj 
degencratn o changes in the explant since such transitions aro limited, to the cxplant 
and do not occur in tho growing area 

jours or rATii — yoi^ xlyi h 2 
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1929) observation that liver grows better m tissue culture if heart 
is present also. Before plasma was used in tissue culture, cultures 
of hver usually contamed very httle liver and large quantities of 
wandering cells Akamatsu was the first to show that growth of 
hver cells could be greatly increased by the use of plasma This 
was confirmed by Nordmann (1929) Most important, Doljanski 
showed that the rate of growth of cells in tissue cultures of hver 
could be greatly modified by varying the composition of the 
medium, with results quite different from those which would be 
expected from the capacity of the cells to survive m vivo If 
equal quantities of plasma and unheated embryo extract were 
used, the mam growth consisted of fibroblasts and wandering cells , 
if the embryo extract were heated to 70° C for half-an-liour or 
added in small amounts, the tissue culture consisted predominantly 
of hver cells In the discussion on Doljanski 5 s paper Demuth 
said that Katzenstem (unpubhshed observations) had shown that 
by the addition of cholesterol (1 20,000) to tissue culture media 
growth of epithelium from hver, kidney and intestine could be 
greatly favoured 

Finally Fischer and Parker (1929) have shown that cultures of 
chondroblasts vary m their behaviour according to the composition 
of the medium If embryo extract is added to the medium, free 
growth without differentiation occurs , if the embiyo extract is 
omitted growth is slowed and cartilage and bone are laid down 
m the explant 

In chono-allantoic transplants of 3- to 6-day hver where no bile 
ducts are present hver cells grow freely , in older hver (10-18 days) 
and m adult hver, as well as in heteroplastic transplants, growth 
of hver cells is independent of and usually dissociated from that 
of bile ducts 


SUMMAEY. 

1 Embryonic chick hver, adult hen hver, embryonic duck hver 
and foetal rat hver grow in the chono-allantois of the chick 

2 The degree of growth and of reaction to the graft depend 
almost entirely on the degree of individualisation of the transplanted 
material. 

3 Growth consists almost entirely of hver cells * bile ducts 
are’ few and usually dissociated from the hver cells, which are 
trabeculated, show bile capillaries and are separated by smusoids 
No transition from bile ducts to hver cells has been observed 
Erythropoietic masses are occasionally present 

4. Both bile ducts and hver cells secrete 

5 Development of hver cells is favoured at the expense of 
development of bile ducts 
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My thanks are due to Prof G R Cameron for much help and encourage 
ment and to Mr F Macdonald of Umvorsity College Hospital Medical School 
for tho photograph®. 
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culture technique a method in which the cellular constituents of 
the blood were lysed by means of saponin 

A sample of white sapomn supphed by British Drug Houses 
Ltd. was used. It consisted of a mixture of glucosides obtained 
from quillaia bark and contained metallic impurities in the following 
proportions — lead, less than 1 part per milli on , iron, 16 parts per 
million ; copper, 4 5 parts per million : zmc, 8 parts per million 
The amount required to produce lysis of different concentrations 
of citrated human blood, diluted m citrate broth, wnthm 30 mins, 
at room temperature was determined in an experiment the results 
of which are recorded in table I 

Table I. 


Lysis of red blood cells by sapomn in blood-broth mixtures containing 
0*17 per cent sodium citrate. 


Percentage 
concentration 
of blood in 
mixture 

Percentage concentration or saponin in mixture 

01 

0 03 

0 033 

0 025 

0 0125 

0 001 

20 

C 

c 

+ 


_ 


16 

C 

c 

AC* 

+ 

— 


12 

C 

c 

C 

AC 

— 


8 

c 

c 

C 

C 

— 

■■ 

4 

c 

c 

C 

C 

c 

AC 


C = complete haemolysis 
AC = almost complete haemolysis 
4- = marked but incomplete haemolysis 
— = little or no hicmolj sis 

* Almost complete Iramoljsb becoming complete alter standing o\ emiglit at room temperature 

It will be seen that a concentration of 0 033 per cent of sapomn 
produced rapid and almost complete lysis of the cells m a blood- 
broth mixture containing 16 per cent of human blood Lower 
concentrations of blood were completely lysed by this concentration 
of sapomn ; higher concentrations are rarely used in blood cultures 
Lower concentrations of sapomn were ■ insufficient to produce 
immediate haemolysis 

Concentrations of 0-033 per cent of sapomn, 0-17 per cent 
of sodium citrate and 16 7 per cent, of blood were used throughout 
tins work except when otherwise stated Most of the experiments 
were done with one strain of Streptococcus viridans 

The effect of sapomn on the groulh of streptococci in a blood-brotli 
mixture Estimations of the growth of streptococci were made 
u«ing broth with the addition of defibrmated, citrated and saponin- 
ly=ed citrated rabbit's blood (table II) This experiment was 
repeated with consistent results on several occasions with mocula of 
different sizes and also with a different strain of Sir viridans. 
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It 'will be seen that both sodium citrate and saponin have an 
inhibitory effect on the growth of streptococci in broth in these 
concentrations and that the inhibition is more marked with sodium 
citrate than with saponin 

Effect of saponin and sodium citrate on the growth of streptococci 
in nutrient broth containing water-lysed blood To determine whether 
the inhibitory effect of the saponin was still active m a blood-broth 
mixture but masked by the enhanced growth of streptococci due to 
other changes in the medium resulting from lysis of the cells, the 
growth of streptococci m broth containing lysed blood and saponin 
was next compared with that m broth containing defibnnated 
and citrated blood lysed by distilled water 

To one tube containing 16 c c of sterile distilled water were added 4 c c 
of defibnnated rabbit blood, to a second 4 c c of defibnnated rabbit blood 
and saponin and to a third 4 o c of citrated blood Haemolysis having taken 
place, 4 c c of broth of four times the normal strength were then added to 
each tube, thus bringing all constituents to the same concentration as used 
in the other experiments (table IV). 


Table IV. 

Effect of sapomn and sodium citrate on growth of Str vindans 
m broth containing water-lysed blood. 


Viable counts 
at 

Broth +water-iysed 
deflbrinatcd rabbit 
blood 

Organisms per c c 

Broth + watcr-lyscd 
deflbrlnatcd rabbit 
blood +saponin 

Organisms per c c 

Brotb + water-Ij sed 
citrated rabbit blood 

Organisms per c c 

0 hours 

9 

9 

10 

n „ 

12 

10 

10 

3 „ 

11 

12 

8 

4 „ 

23 

25 

14 

5 

76 

76 

32 

6 „ 

176 

162 

90 

9 „ 

16,600 

16,600 

4,000 

13 „ 

2,650,000 

2,690,000 

810,000 

16 „ 

24,200,000 

36,000,000 

11,600,000 

20 „ 

2,032,000,000 

1,920,000,000 

1,616,000,000 


The addition of sapomn will be seen to have no significant 
effect on the rate of growth of streptococci in a water-laked blood- 
broth mixture, whereas the addition of sodium citrate has a slight 
inhibitory effect 

The effect of serum and blood cells on the growth of streptococci 
in citrate broth Since lysis of cells enhanced the growth of strepto- 
cocci in a blood-brotli mixture, it was necessary to determine 
whether the improved growth was due to the removal from the 
medium of suspended cells. Growth estimations were therefore 
made in sodium citrate broth to which had been added m one 
instance the cells, and in another the serum, derived from 
defibnnated rabbit blood ; two further growth estimations were 
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made m broth containing saponin m addition to cells and serum 
(table V) 

Table V 


Growth of Str vmdans m citrate broth containing scrum and blood cells 
with and without the addition of saponin 


1 lablo counts 
at 

Citrate broth + 
serum 

Citrate broth + 
eerum+saponln. 

Citrate broth + 
blood cells 

Citrate broth + 
blood cells + 
saponin 


Organisms per c c 

Organisms r*r c c 

Organisms per cx 

Organisms per c c 

0 hours 

6 

6 

G 

G 

2 

10 

0 

10 

12 

4 , 

25 

21 

94 

96 

0 „ 

60 

88 

041 

597 

8 , 

104 

185 

2,610 

3,530 


It will be seen that growth of streptococci in a blood-broth 
mixture is not enhanced by the removal of the cellular constituents 
of the blood 

The effect of the addition of lysed blood cells to a whole blood-broth 
mixture The remaining explanation that would account for the 
enhanced growth of streptococci in a lysed blood-broth mixture 
appears to be that m lysing the cells, somo diffusible product is 
liberated into the mixture and improves the growth of the organisms 
In order to test this possibility, the growth of streptococci was 
compared in citrate broth containing (a) whole blood, (6) whole 
blood + water-lysed cells, (c) water-Ijsed blood and (d) sapomn-lyscd 
blood (table VI) 

Table VI 

Effect of lysed blood on grouth of Str \indnns 


A Inhle counts 
nt 

Citrate broth + 
whole blood 

Citrate broth + 
wholo blood + 
water lysed cells 

Citrate broth + 
water lysed blood 

Cltrato broth 4- 
asponln lysed 
blood 




Organism* per e e 

Organ! ms per c e 

0 hours 

r. 

5 

5 

5 

u 

5 

3 5 

6 

10 

4 „ 

10 

25 

40 

15 

6 . 

175 

202 

301 

133 

8 „ 

400 

090 

2,135 

132 000 

1,020 

114,000 

i2 ; 

3,420 

27,750 


The results obtained indicate that the enhanced growth of 
streptococci in a blood-broth mixture occurs when lysed and wholo 
blood are present together and it is therefore probablv duo to the 
addition of somo diffusiblo product liberated into the medium on 
ljsis of the blood colls 

Variation tn p H of citrate broth containing whole blood, saponin- 
lysed and distilled water lysed blood The pH of three types of 
blood-broth mixture containing (a) whole blood, (6) sopomn-lysed 
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blood and (c) distilled water-lysed blood, was determined by the 
electrical method, a glass electrode being used m order to prevent 
reduction The mixtures were inoculated with streptococci and 
the pH determined immediately after inoculation, after 4 hours’ 
incubation at 37° C when growth usually commences, and after 
24 hours’ incubation when growth is complete 

Table VII 


Reaction of blood-broth mixtures 


j)H estimations nt 

Citrate broth + 
whole blood 

Citrate broth + 
water-lysed blood 

Citrate broth + 
saponin-lysed blood 

0 hours 

7 28 

6 98 

7 36 

4 „ 

7 26 

7 10 

7 46 

24 „ 

6 0 

6 0 

6 10 


The effects of higher concentrations of saponin on the growth of 
streptococci m blood-broth mixtures It will be seen from table I that, 
by increasing the concentration of sapomn above 0 033 per cent , 
more rapid and complete haemolysis occurred m broth containing 
16 per cent, of blood The use of such concentrations of sapomn 
was attended by a further enhancement in the growth of streptococci 
m the lysed blood-broth That the increased rapidity of growth 
was due to the more complete haemolysis was shown by the fact 
that a similar effect could be produced by delaying the inoculation 
of blood-broth containing 0 033 per cent of sapomn until the 
mixture had been incubated for 3 hours at 37° C , by which time 
the blood was completely lysed, growth then proceeding as rapidly 
as m blood-broth contaimng a higher concentration of sapomn 
The improvement ceased to be apparent with concentrations of 
sapomn greater than 0 5 per cent , although concentrations as high 
as 5 per cent appeared to have no bactericidal or inhibitory effect 
on the growth of streptococci in blood-broth as shown by viable 
plate counts during the first 24 hours of incubation 

The effect of saponin on the growth of other bacteria m blood- 
broth mixtures Using bactena other than Str. vmdans, the rate 
of growth was compared m sodium citrate blood-broth with and 
without the addition of sapomn Str pneumoniae and Bad 
coh grew more rapidly in saponin-lysed blood-broth contaimng 
«aponm up to a concentration of 4 per cent (higher concentrations 
were not tested) Str. pyogenes was itself strongly hsemolytic and 
showed no marked sign of improved growth when sapomn was 
added to the medium. Sir fcecalis and Staph aureus appeared to 
grow equally well m whole and m sapomn-lysed blood-broth. 
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Comparative viable plate counts were rendered difficult in the 
case of Staph aureus owing to clumping of the oiganisms 


Application of lysed blood technique to blood cultures 
following dental extraction 

Comparison of results obtained using whole and lysed blood in 
parallel in blood cultures taken from G5 patients immediately follouing 
the extraction of teeth Ten c c of blood were taken from each 
patient immediately following operation Half of this was 
cultivated in the original manner using whole citratcd blood , 
the remainder was added to 0 G c o of a solution of saponin in 
sodium citrate saline and finally distributed into agar and citrate 
broth as before, giving a final concentration of 0 17 per cent sodium 
citrate and 0 033 per cent saponin All oultures were incubated 
aerobically only and standard transplants made from the broth 
tubes daily for 7 days into nutrient broth When growth occurred 
in these transplants it was plated on 5 per cent horse blood agar 
for identification 

Of the 65 patients investigated, 39 were found to have positive 
blood cultures. Sir mndans being recovered m each instance Of 
these 39 cultures, 38 or 97 4 ± 2 6 per cent were positive using tho 
lysed blood technique and 27 or 71 1 ± 7 3 per cent using the wliolo 
blood method The percentage difference (26 3 per cent ) is greater 
than three times the standard error of the difference (7 8 per cent ) 
Details of the findings and the types of cases examined are 
recorded in table Vm Of 20 whole blood cultures 14 appeared 
after 24 hours, 2 after 2 days, 3 after 3 days and one after 7 days , 
the corresponding saponin-treated specimens gave 15 cultures after 
24 hours, 3 after 2 days and 2 after 3 dayB 


Table vni 

Comparison of uhole blood and saponin methods i» blood cultures 
after dental extraction 


Streptococcal colony count. 



Type of case 


Gum dlwaso moderate or £0 

marked , multiple cx 
traction 

^iUiout dctcctible earn 45 

dl*oa« extraction or 
one or more teeth 


1 5 per 

6 10 per ; 

11 1j per 

C.C 

CC j 

c c 



Jtesulta or blood 
cultures niter 
extraction or tcctli 


Wliolo I lysed 
blood ] blood 


\\ JL» « \iholo blood 
IB » saponin Ijwl blood 

+ a streptococci present in tho blood cultures 
- c no streptococci present in tho blood cultures 
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shown, moreover, that the nature of the diluent is of importance 
in deter minin g the growth of organisms, sodium citrate broth 
being superior to distilled water in this respect (Wright) , the 
addition of concentrated broth to the blood after lysing the cells 
with water would necessitate an additional manipulation with an 
mcreased risk of contamination . 

Sapomn in a concentration of 0 033 per cent produces rapid 
lysis of both red and white cells in a citrate blood-broth mixture 
containing 16 per cent of blood and 0 17 per cent of sodium citrate , 
lower concentrations of blood require less saponin to produce the 
same effect Sapomn has an additional advantage as a lytic 
agent m that it may be incorporated m the broth to he used as 
diluent before autoclaving 

The advantage of usmg saponin-lysed blood as compared with 
whole blood in attempting to recover streptococci from blood 
cultures has been demonstrated m blood cultures from 65 patients 
immediately following the extraction of teeth From citrated whole 
blood streptococci were recovered in 27 cultures or 71*1 per cent 
of positive cases, whereas from saponin-lysed blood streptococci 
were recovered in 38 cultures or 97 -4 per cent of positive cases, 
39 of the 65 patients having a demonstrable positive blood culture 
following operation In only one case were streptococci isolated 
from the whole blood and not from the lysed blood culture 

Four cases of subacute bacterial endocarditis are recorded, in 
two of which attempts to grow the causative orgamsm m whole 
citrated blood failed, whereas a Str vimdans was recovered from 
the sapomn-lysed blood after two days’ mcubation It is note- 
worthy that streptococci could be isolated from the whole blood 
samples during the first few hours of mcubation by removing 1 c c 
quantities from the blood and plating m agar From one other 
case a Str wndans was isolated, the organisms growing m the 
lysed blood sample after 10 hours, whereas m the whole blood no 
growth occurred until after 3 days’ incubation From the fourth 
case a Str fcecalis was recovered which grew equally well and 
without a prolonged lag phase of growth in both whole and lysed 

blood 

Summary 


1 Blood cultures may be unreliable when whole blood is usei 
A few orsanisms are present 

9 Low concentrations of sapomn lyse both red and white bloo< 

cells- ,, q £ gf T ' uridans and certain other organisms i 

3 The gro of sap0I1 in to sodium citrate blood-broth 

enhanced by the sapomn-lysed blood in parallel 

H ^£ e4 “ m 2 , rtofe>lood samples P and 3 

streptococci were xeco ' 
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lysed blood samples out of a total of 39 positive blood cultures 
from 65 patients following dental extractions 

5 In 2 cases of subaoute bacterial endocarditis a Sir viridans 
grew m the saponm-lysed blood but failed to grow m the whole 
blood samples From the third case a Sir viridans was recovered 
which grew earlier in lysed than m whole blood, while in the fourth 
case, from which a Sir fcecahs was isolated, no advantage was gamed 
by the use of saponin 

My thanks are dus to Professor C C Okell for holpful criticism, to 
Dr Matthew Young for checking the statistical analysis, to Dr F H Shaw 
of the Department of Pharmacology, University College, London, for carrying 
out the pH estimations and to Mr E P Murrell for holp with tlio bactorio 
logical work The work was earned out during the tentiro of a grant from 
the St John Harmsworth Memonal Research Fund 
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It was subsequently found that the undiluted saponin-lysed blood before 
distribution into broth and agar was markedly bactericidal for streptococci 
The technique was therefore modified so that the necessary amount of 
saponin was incorporated m the citrate broth to which the blood was then 
added direct from the syringe In the event of a viable count being required, 
suitable quantities of the lysed blood-broth mixture were plated in agar 
During the performance of the 65 blood cultures described above an un- 
avoidable delay of from half-an-hour to 2 hours elapsed between the time 
at which the blood was taken from the patient and its subsequent inocula- 
tion into broth It is probable, therefore, that some of the negative results 
obtamed m the lysed samples were due to the tojac action of the high 
initial concentration of saponin in the undiluted blood 

Application of lysed blood method to blood cultures in 
subacute bacterial endocarditis. 

Influence of saponin on the bactericidal effect of blood and on the 
rate of growth of streptococci in blood cultures It has been shown 
by Wnght that in many cases of subacute endocarditis the blood 
has bactericidal properties for the infecting organism In four 
cases a comparison was made between the bactericidal effect of 
whole blood and blood lysed by saponin 

Blood was withdrawn from an arm vem and 4 c c samples were inoculated 
into 20 c c quantities of citrate broth and saponin citrate broth and incubated 
at 37° C Two 1 c c quantities were withdrawn from each at stated 
intervals and plated m 10 c c agar, the number of viable organisms being 
estimated by counting the colonies produced in the plates after 48 hours’ 
incubation at 37° C (table IX). 


Table IX. 

Effect of lysis by saponin on destructive action of blood from cases 
of infective endocarditis upon streptococci tn broth 


Case and infecting 
organism 

State of 
blood in 
broth 

Streptococcal colonies dc\ eloping from Ice blood-broth mixture after 
incubation at 37' C for stated penod 

Olir 




8 hrs | 

12 

lira 

24 

hrs 

30 

hrs 1 

48 hrs 

72 

lira 

7 

dnjs 

14 

days 

1 Sir viridans 

Whole 

19 5 



1 

1 5 

_ 

__ _ 

_ 

_ 






Lysed 

18 5 



11 0 

2 0 

1 0 

m 

— 



I 

I 

2 Str vindans 

Whole 

11 0 

7 0 

7 0 

3 5 

3 0 

1 5 

2 5 

' 2 5 


+ 




Lysed 

6 0 

6 0 

5 0 

8 0 

48 0 

+ 





m 

1 

3. Str mrtdans 

Whole 

2 0 

1 0 

1 0 

1 0 

1 5 





2 5 

4 0 



H 



Lysed 

0 5 

3 5 

1 0 

1 5 

0 5 

— 

0 6 

10 0 

111 0 

+ 

H 

P 

4 Str foccahs 

Whole 

3 5 

6 5 

10 5 

153 5 

+ 









Lysed 

8 5 

9 0 

13 5 

256 0 

+ 























+ = too many colonies to count 


In all four cases cultures developed from the lysed blood 
whereas no growth occurred m two from the whole blood although 
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there were organisms present at the beginning of the e\penmcnt 
The blood culture from case 1 was repeated but, as on the previous 
occasion, no growth occurred after 14 days’ inoubation of the 
whole blood, whereas growth occurred in the lysed blood after 
2 days’ inoubation Two further cultures made by independent 
investigators usmg whole blood yielded negative results 

Influence of saponin on the rate of growth of streptococci in blood 
cultures In many blood cultures from cases of subacute bacterial 
endocaiditis, observable growth of streptococci does not occur until 
after several days’ inoubation It can be seen from table IX, 
case 2, that growth appeared first m the lysed blood samples 

To 5 c c quantities of citrate broth and saponm-oitrate broth 
were added small quantities of blood from two patients suffering 
from infective endocarditis (cases 1 and 2, table IX), so that in 
each case there were five tubes containing whole and five containing 
lysed blood-broth mixtures All were incubated at 37° C for 
7 days and a standard inoculum taken at 24-hour intervals into 
nutrient broth and incubated for 48 hours In the first case, 
whose blood contained about 19 streptococci per o c , no tube 
inoculated from the whole blood yielded any growth, whereas from 
the lysed blood 1 tube yielded a growth on the first day, 4 on the 
2nd and 6 on each subsequent day In the second case (8 5 
streptococci per c c ) the whole blood gave one culture at t le 
1st attempt, 4 each at the 2nd to 6th and 5 at tho 7th, u hue t le 
lysed blood gave 4 at the 1st and 6 at all subsequent attempts 


Discussion 

It is probable that methods of blood culture dependent on 
the addition of citrated whole blood to a nutnent broth are un 
reliable when only small numbers of organisms are presen 113 
is more especially tho ease when attempts are made to cu lva 
organisms from the blood of patients with subacute bacterial 
endocarditis, since in these cases tho infecting organisms commonly 
exhibit a prolonged "lag ” phase of growth, during uhich penotl 
they are exposed to various inimical influences in tho oot ' 
are not completely abolished by dilution , 

Leucocytes may retain phagocytic properties after . 

for 24 hours in a broth medium such as is used for oot 
purposes Tho risk of phagocytosis occurring in oo , 

is avoided bj lysmg the blood cells In addition, the growth of 
certain organisms, notably tho Streptococcus unions, is ci i 
by lysis of tho blood cells in the culture medium 

Water may bo used as tho ljtio agent but I hai c nun 1 
does not produce such complete ljsis of tho leucocytes ns sap 
in tho presence of 0 17 per cent sodium citmto ins 

jorwc or nm — vox* xvn 
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shown, moreover, that the nature of the diluent is of importance 
in determining the growth of organisms, sodium citrate broth 
being superior to distilled water in this respect (Wright) , the 
addition of concentrated broth to the blood after lysing the cells 
with water would necessitate an additional manipulation with an 
increased risk of contamination 

Saponin m a concentration of 0-033 per cent produces rapid 
lysis of both red and white cells in a citrate blood-broth mixture 
containing 16 per cent of blood and 0 17 per cent of sodium citrate , 
lower concentrations of blood require less saponm to pioduce the 
same effect Saponin has an additional advantage as a lytic 
agent m that it may be incorporated in the broth to be used as 
diluent before autoclaving 

The advantage of usmg saponin-lysed blood as compared with 
whole blood m attempting to recover streptococci from blood 
cultures has been demonstrated m blood cultures from 65 patients 
immediately following the extraction of teeth From citrated whole 
blood streptococci were recovered in 27 cultures or 71 1 per cent 
of positive cases, whereas from saponin-lysed blood streptococci 
were recovered m 38 cultures or 97 4 per cent of positive cases, 
39 of the 65 patients having a demonstrable positive blood culture 
following operation In only one case were streptococci isolated 
from the whole blood and not from the lysed blood culture 

Four cases of subacute bacterial endocarditis are recorded, in 
two of which attempts to grow the causative organism in whole 
citrated blood failed, whereas a Str vindans was recovered from 
the sapomn-lysed blood after two days’ incubation It is note- 
worthy that streptococci could be isolated from the whole blood 
samples during the first few hours of incubation by removing 1 c c 
quantities from the blood and plating m agar From one other 
case a Str vindans was isolated, the organisms growing m the 
lysed blood sample after 10 hours, whereas m the whole blood no 
growth occurred until after 3 days’ incubation From the fourth 
case a Str fcecalis was recovered which grew equally well and 
without a prolonged lag phase of growth m both whole and lysed 
blood 

Summary 

1 Blood cultures may be unreliable when whole blood is used 
and few organisms are present 

2 Low concentrations of sapomn lyse both red and white blood 
cells 

3 The growth of Str vindans and certain other organisms is 
enhanced by the addition of saponm to sodium citrate blood-broth 

4 Usmg whole blood and sapomn-lysed blood in parallel, 
streptococci were recovered m 27 whole blood samples and 38 
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lysed blood samples out of a total of 39 positive blood cultures 
from 65 patients following dental extractions 

5 In 2 cases of subacute baotenal endocarditis a Sir vmdans 
grew in the saponin-lysed blood but failed to grow m the whole 
blood samples From the third case a Sir vindans was recovered 
which grew earher in lysed than in whole blood, wlulo in the fourth 
case, from which a Sir fcccahs was isolated, no advantage was gamed 
by the use of saponin 

My thanks are due to Professor C 0 Okoll for liolpful criticism, to 
Dr Matthew Young for checking tlio statistical analysis, to Dr F H Shaw 
of the Department of Pharmacology, University Colloge, London, for carrying 
out the pH estimations and to Mr E P Murrell for holp with the bactorio 
logical work The work was carried out during tho tenure of a grant from 
the St John Harmsworth Momonal Research Fund 
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THE GROSS ANATOMY OF THE PARATHYROID 
GLANDS 

.1 It Gilmoi it. Grocers’ Research Scholnr 

from the Ilcrnhanl Huron Iiutitute of Pathology of the ImiwIoii Jlnr/ittnl 

Ik the coun>o of pre \ ioiih work in winch tho weights of pnnthcroid 
glands were until) sod statistical!) (Gilmour and Martin, l'UT), I 
romoicd and examined microscopical!) tho glnnds in n con«ci utivo 
unselected senes of 428 necropsies This series is used here for 
a stud) of tho gross anatom) of these glnnds Reference is nlso 
made to conditions of interest found in subsequent dissections 
Iho oliscn at ions and the literature cited refer to man except when 
otherwise stated 

Number 

In 428 dissections 1713 glnnds were found, nn nxerngo of 4 in 
each subject 

2 glnnds were found in 1 enso (0 2 per cent ) 

3 „ „ „ „ 20 eases (G 1 „ ) 

4 ii ii ii ii 3i4 ,, (8/ I, ) 

6 „ 25 „ (0 „ ) 

® ii n ii ii 2 ,, (0 5 I, ) 

The number of glands given in this list depends upon microscopic 
examination Very rarol) two glnnds were bound together m a 
single capsule so ns to look liko ono to tho naked o) e, a condition 
which has been described by Welsh (1807-98), Erdlicim (1007) 
and Ynnnso (1008) 

When only 2 or 3 glands wero found m this senes their relntn ely 
small weight suggested that all the glnnds had not been found 
(Gilmour and Martin) Further, in a study of 1G cmbr)os and 
fcotuscs at least 4 glands were found m 14 m winch the wkolo 
parathyroid-bonnng area had been oxnmined in sorial microscopic 
sections (Gilmour, 1037) In a xory few recent dissections, how- 
ever, I have failed to find more than 2 or J glnnds, and those found 
wore not oxcoptionally small Moreover, in serial microscopic 
sections of the neck ROsslo (1032) found no parathyroid tissue in 
an infant aged 9 hours and only ono doubtful structure on the 
left side in an infant of 10 weeks, while Bottiger and Wernstedt 
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found in an infant of 4 months onlj one paiathyroid which 
lav nj)on the loner pait of t lie right lobe of the thyroid The 
po"ibiht\ , therefore, of a ical diminution in numbei below 4 
must be recognised 

When "> or 0 gland*- were found they were occasionally all of 
about the -ante si/e As a rule however, the supernumerary 
gl itid- were <- ma ll and were considered to be accessory glands. 
Tie (occ-.-ory glands often lay close to a gland of normal sire 
but -oiimlune*- at a little distance fiotn it Very small glandular 
nodule-, .‘bout 1 mm m diameter, were occasionallv seen close to 
but i i or from glands of normal «i7e , these were not accepted 
a*- auf-.-Dij elands Origin fiom phaiyngeal pouches III or IV 
could be as-igned to 27 of the 20 supernumerary glands (sec below, 
pp 10 s-llo) |3 of these 27 wete paiathyroids III (6 light, 7 left) 
and 1 5 wne parathvroids IV (10 right, -1 left) 

N\ v .t" the maximum number of glands in any one case in this 
-“ 1 K> In the 14 cmhnos and fa tuscs m which the whole 
}• iuth\ uud-btaring niea had been examined in serial microscopic 
sec t jfiii' m mv ctnbrj ologieal study fi glands were ngain the 
maximum found 4 glands were found m all fourteen, 2 accessory 
eland- ic found m one subject, 1 accessory gland and 1 germ 
of ,tu i'(t'"On gland m another and 1 accessory gland in a third 
{(blmmirl Furthei, m all the dis-ections which I have made ill 
addition lo the !2t> under analysis I ha\c ne\er found more than 
u p '•iMiyro'd glands 

i r>i‘i m <11**1 Jo) ih v -rnb‘ cl nn infant with 12 planet 3 , S !>• in« \* ry f-rnntl 
1 •<! ■ ■ * -* . ‘'n! imml" r infant with 8 chutd 3 , 4 home \“rc mimH and 

i i 1 " 1 1 • oti ic mat itiii 1 n t v op n t<» cnt’ci-m lKcmio t!i“ iwcc* or> 

t- - * ' : » *11 im.l n, r>4\ fr<rrn> of p inthyroiiL’ It is inti ed 

]>' ?' • •• - i>t ~ {.hind- of I'rcUiMm were the bud.- of pum* 

» % ~ 1 f i vi, h !• ,4 t > tl>. form tt ton of what I hft\c t* lined Kur toner 

• t ‘(.I, in lr) AuJ d.nn'll in«r»tiot»"l t!ic pro - 1 nro of 

s he h* fiid tv ri\ wn< th< r th'ir parathyroid n'ittm 

' >’ . ! j i •- up -.Ik, in*! --1 h* on!\ in ntion-d t'lm tn ft 

- ' - * F - . *h 1 1‘ c 07 , 11*07 O'j cl i nil.'! II t'Jrtt'rl 3 in nti iftfnri* 

* • i - - ’ . * ’ '> ‘ ♦*. « *t *\ h* t *• i- ib*. tf .it !i“ had identified 

** - * .t *!.>*■ i K- oi- h“ to nl « t! » rem >rle V -int* av "t 

■ ‘ r * * ! . *' * •* '!' " t • *•»*»■> nn 1 i* th‘ f pr» it' a neruV * 

, i ’ >1 i ini*> 1 1*. *-. |\ j.. n /11 <*i 7 *>s} d"'nl>-d 

‘ ' t * ' ' ,~ T < j c f j< * ! r- II* oil' it a it’ i'll 7t i 

* * i t 1 -* ! » “.'n! l- 1 r • .*>\ ! i\ within nr • dij*v- 

rr 'I i* 'i m - i . n i o- , ! * d . t' p 1,* nn i 3 t*t> c/ t 

• ' • i » 1 ’* i\mI p'’il" » * >* * rdip j < j- vt *•> 

* * * * • « * * li'in : j, f \ * ' • V a, 

f'aVc . 

I > - “ ' **'■.>. » ••'th-j. -.n, of :! r j> .r t* ro"*l g!*’id 

■ '* * ' J * r *• I *’*. 7 * i* • 1 > ' j f '• 1 i f • i h <-‘<b tt “ 
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third pharyngeal pouch gives nse to a parathyroid gland (para- 
thyroid III) and one lobe of the mam and constant thymus 
(thymus III), lvlulo tho fourth pharyngeal pouch gnes rise to a 
parathyroid gland (parathyroid IV) and an inconstant separate 



Tho numbers indicate the sites occupied by parathyroids m and IV in ordci 
of decreasing frequency', as detailed in tho tost Tlio lino drawn down each Jobo 
of the thyroid represents the posterior border, which has been retracted laterally 


portion of thymus (thymus IV) The different positions occupied 
by parathyroids Hr and IV in the present senes and the relative 
frequency with which these positions were occupied wore worked 
out, and are shown m the accompanying figure The criteria by 
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which the pouch of origin was ascertained can be explained more 
easily after the sites and their relative frequency have been described 

Parathyroids III. 

The positions of 792 parathyroids III were arranged in 14 groups, 
w hxth are numbcied in the text below and m the figure m order of 
diminishing fiequenc 3 r of occunence 

1. On the thyroid at or just behind its low’er pole, or not more 
than o cm below the lowei pole Number found m this position . 
127 (.">3 9 pci cent ) 

2 One cm below the lower pole of the thyroid • 101 (12*8 
pel cent ) 

3 A On the postenoi part of the outer surface of the thyroid 
1-1 *5 cm abo\ e its lower pole 55 (G*9 per cent.) 

3B Two cm below the lower pole of the thyroid 55 

(0 *» per cent ). 

A On the thyroid just internal to its lower pole, between the 
1 in l old and the trachea 51 (G-4 per cent ) 

5 On the posterior part of the outer surface of the thyroid 
1 5-2 5 cm above its lowei pole 41 (5*2 per cent ) 

6 On the thyroid just extemal to its lower pole . 18 

(2*3 per cent ). 

7 Upon the mesial sm face of the thyroid 1-1*5 cm above its 
lower pole between the tliyioid and the trachea . 13 (1*6 per cent ). 

8 Three cm below the low er pole of the thyroid : 1 1 

(1 *t per cent ). 

9. On the mesial surface of the thyroid 1 5-2*5 cm. above the 
lower pole, between the thyroid and the trachea 9 (1*1 per cent ). 

10 Four cm below the lower pole of the thyroid *. 7 

(<i 9 pei cent ) 

11 Attached to the stcino-thyroid muscle below and in front 

of the lowei pole of the thyroid * 2 (0 3 per cent ) 

12A Six cm below the thyroid . 1 (0 1 per cent ). 

12B At the upper pole of the thyroid . 1 (0 1 per cent.) 

Onh mu* of the glands (20-1/34) was found on the anterior 
Mufi»» «iF the thyroid * it lav just in front of the lower pole and 
b f »n included in position 1. 

The pi md- below the thyroid .ire figured as if they lay on 
thynw - III They actually lay either in it or in involuted remnants 
of u «>r within «j»p irate ruee— or\ portions of it known as “ thymus 
ill.” or m < orrc-jHinding position- The relative number** 
foirtel in difhrcnt relation*, are gi\en on p 142 

tfo-r r.rij'f <'rw«*iw« hair* rriralcd a few other unusual 
*.f p *tAthyroid- III 

vl I*, ,.jw -uhjf ( t (17s 3i>) the right parathyroid TIT lay in tin* 
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upper pole of tlio thj unis, which evtomled to a point 1 5 cm below 
the bifmcation of the common carotid artery and just abovo the 
upper pole of the thjroid It lay 3 cm abo\o the right para- 
thyroid IV 

(2) In anot her subject (38/30) tho right parathyroid III was 
within tho upper of two discrete "thymus lobules III’’ These 
laj one abo\ c tho other above tho mam thymus III, w Inch ended 
on that side 1 cm aboie tho left innominate vein Tho gland 
lay closo to the carotid artery and was at tho samo level as tho 
parathyroid IV, which laj near tho contrc of the posterior border 
of the thyroid (position IV 1) 

(3) In ono subjeot (73/37) tho right and loft parathyroids III 
lay deep within tho thjmus, ono 9 cm tho other II cm below tho 
level of tho lower poles of the thyroid Tho lower lay over the 
pericardium opposite tho upper level of tho a entrioles This is the 
lowest gland that I have so far found Bcrgstrand (1031) described 
a parathyroid tumour in tho thjmus over tho pericardium in a 
case of generalised osteitis fibrosa, 4 normal glands being found 
in the usitnl positions 

Parathyroids IV 

The positions of 787 parathyroids IV could in a similar manner 
be arranged in 9 groups 

1 On the middle third of the posterior border of tho thyroid, 
the upper part of this area being tho site of election The gland 
often lies in a groove m tho thyroid or on a projecting nodule, the 
thyroid tubercio of Zuchcrhandl, which is frequently present in 
this region The gland usually lies above the inferior thyroid 
artery, but is sometimes behind tho artery or between ft and the 
thyroid or wTapped round it, as described by Von VerebSy (1907) 

It is rarely below the artery Number found in this position 580 
(73 7 per cent ) 

2 On or close to tho upper third of the posterior border of the 
thyroid 74 (9 4 per cent ) 

3 On the mesial surface of the lateral lobe of the thyroid 

opposite the middle third of its posterior border, where vessels 
frequently enter — a position described by Kursteiner (1898-99) 
and Benjamins (1902) 57 (7 24 per cent ) 

4 Between the lower third of the posterior border of tho 
thyroid and the oesophagus, in a somewhat more posterior plane than 
that of the lower pole of the thyroid and m the same plane as the 
oesophagus 40 (5 85 per cent ) 

5 On the thyroid near the centre of the posterior half of the 
outer surface of the lateral lobe 12 (1 52 per cent ) 

6 Behind the oesophagus, opposite the lower pole of the 
thyroid or the lower third of its posterior border 9 (1 14 per cent ) 
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7. On the mesial surface of the lateral lobe of the thyroid 
opposite the uppei third of its postenoi border * 5 (0-63 pei cent.) 

8A. Behind the oesophagus or pharynx opposite the upper two- 
tliirds of the postenoi border of the thyroid * 2 (0-23 per cent ). 

8B. Tn the carotid sheath lying within a discrete pad of fat 
on the inner side of the common caiotid artery 2-3 cm below its 
bifurcation 2 (0*23 per cent ) 

In more recent dissections there weie two eases (23/36, 97/36) m 
w hich the parathyroids IV lay m pads of fat between the thyioid 
and caiotid arterv m a position slightly below that of IV 8B 

Schnpcr (1893) found m a now-born infant 2 small glands together just 
lw Ion the bifurcation of the carotid Two other glands were found on each 
side behind th«* tlijroid, «o that it l* not possible to determmo ’whether the 
supr mumf ran’ gland® carno from pouch III or pouch IV. 

As in the case of parathyroids III theie was only one para thyioid 
IV that lay antenor to the thyroid A parathyroid IV lay just in 
front of the upper pole (43S/34) It has been included in position 
IV 2 

Sand ~t rum (ISSO) and \on Verobulj* (1007) de-cnbed a gland m front of 
the lower pole of the tlnroul Millmer (1927, 1931) said that glands oe< ur 
with high freejurnev on the antenor «tufncc of the thjroid 

Determination of the pouch of origin. 

One or nunc or the following criteria, which all depend upon 
embiyologioal ob-onntions were used to determine the pharyngeal 
pouch of oiigm of the parathyroids in any given case («) The 
elo-o u'*=oention between the parathyroid and the thymus derived 
from one oi other pouch During development jiarathyroid 111 
forms a head to thymus III which extends caudallv from it At 
it- attachment thymu- III becomes drawn out into a neck The 
iimIc i.Minlh break*. <-o that the two sti uetiires separate but it may 
remain and develop m bulk Parathyroid TV m early stage- has 
similar relition* to thynuts TV (h) The positions which Ihe 
pitathjroid and a«soc.atcd thymus eharuetcristicallv come finally 
to <<f'inn during development (r) The fact that during einbrjo- 
logit cjevelopnifin pinthvroid III usualh come® to oentpv n 
lo.’ ir pi-ition thin pinithyrmd IV Because of the more rapid 
rr»>» to of tin tv <*h of the embryo thin of thymus TIT and the 
s*r> iter d- ubipt”* nt m bull c>f the caudal pirt of thymus f JI 

• tbyi.iw- -n n>l- r« Huvcdy to the thircml and dr ig- the etta* bed 
nv’sthio -d HI with i* A- « m be -<» n froui the figun there all 
• e - to t } i- «sii 1 fours of di ’ etojenent Otn-f'jmntH the 

b I - »*f f t> g* <* nt *»nlv I»e jv**ptcd n- a piritbynud ITT 
p it 1 ; t'* < -» s cot «’ ..Jours* to tl t tojifmry or there l- podtn* 
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sulated, sometimes spindle-shaped pads of fat, m which small 
portions of thymic epithelium were occasionally found There 
can be httle doubt that such lobules of fat m these positions 
represent vestigial remnants of thymus IV The remaining 
positions, IV 3, 5, 2, 8B, are not obviously associated with thymus 
IV The parathyroids m these positions which were judged to 
be parathyroids IV were so judged because there was evidence 
that the other parathyroid on that side was a parathyroid III 
or because they occupied higher positions than the other para- 
thyroid, which lay m a position compatible until that of a 
parathyroid III 

The finding of yet other parathyroids IV in close relation to 
the common carotid artery in position 8B in two recent dissections 
is of interest, because all authors state that during embryological 
development parathyroid IV and its associated thymus IV (ultimo- 
branchial body) always migrate to the posterior border of the 
thyroid 

Neither in the present series nor in more recent dissections has 
a parathyroid been found at the bifurcation of the common carotid 
artery, and there is no record in the literature of such a finding 
in man It is difficult to understand this, because m human 
embryology parathyroid III starts above the bifurcation while 
m certain animals the bifurcation is the usual position of 
parathyroid III 

It will be seen that 134 of the 1713 parathyroids were not 
employed in grouping the positions of parathyroids III and IV. 
Single glands found on one side were omitted In five cases 2 
glands on one side lay so close together that it was not possible 
to determine which was parathyroid III and which IV More 
numerous omissions were due to the notes on position being found 
to be insufficiently precise 


The relation between parathyroids III and IV and the 
upper and lower parathyroids 

In the normal course of development, as explained above, 
parathyroids m become the lower parathyroids The figure shows 
that many of the positions of parathyroids III and IV are on the 
same level This suggests that there are many exceptions to the 
normal relation of the glands. Actually in the whole series of 
42S cases investigated there were the 5 cases in which the two 
glands on one side lay so close together that it was impossible 
to tell which was parathyroid III and which IV Here neither 
gland was lower than the other. Further, among the 1579 glands 
which were determined to be parathyroids HE or IV there were 
only two cases in which upper glands were undoubtedly para- 
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thyioids III In one case parathyroid III on one side was attached 
to an abnormal thymus HI and, occupying tho exceptional position 
IH 12B, w as higher than parathyroid IV In anothei case the 
parathyroid in occupied position in 2 and uas slightly lugher 
than the parathyroid IV m position IV 6 It is true that in certain 
instances the pouch of origin of the parathyroids was determined 
solely by their relative position so that the question was begged, 
but the number of these was very small In spite, therefore, of 
the overlapping of the positions in. which parathyroids TO and IV 
are found it can be concluded that there are very few exceptions 
to tho rule that parathyroid TO becomes the lower and parathyroid 
IV the upper gland 

Among the unusual positions of parathyroids III revealed by 
later dissections and given on pp 13G and 137, there are tno 
otlici instances of exception to the rule In case (1) the nght 
parathyroid III lay 3 cm above the right parathyroid IV In 
case (2) parathyroids III and IV lay at the same level 

Relationship to other tissues 

Fat The glands frequently he among lobules of adipose tissue 
from which they are easily separated Both parathyroids TO and 
IV sometimes he, however, within discrete pads of fat from which 
they can only be removed by incision These fatty pads are of 
rounded, sausage or spindle shape They usually have a dehcate 
capsule and are not subdivided into smaller lobules like ordinary 
adipose tissue, so that they tend to be clearly defined from other 
tissues Occasionally they are greyer than ordinary fat A gland 
inside such a pad is usually visible externally ns a brownish area 
Thymic tissue was found in a few of such pads as were examined 
microscopically These pads appear to be involuted thymic glands, 
either thymus TO, thymus lobules III or thymus IV The frequency 
with which parathyroids IV in positions 8A, 4 and 6 uere found 
in these pads has already been mentioned Pads were also relatively 
common in positions III 2, 3B and 8 But glands within such pads 
were found also in all the other positions of parathyroids TO and 
IV except III 12A, 10, 11 and 12B It has already been mentioned 
that tho two parathyroids IV in the carotid sheath in position 8B, 
and tho parathyroids IV found in a shghtly lower position than 8B 
in tv o more recent dissections, all lay in such pads 

Kurstemor (1808 99), Benjamins (1902), Getzowa (1907) and Fischer 
(1911) described tlio occurrence of parathyroids in discrete masses of fat 

Thyroid The majority of both parathyroids TO and TV laj 
upon the thyroid Occasionally they a ere included within the 
capsule or lay beneath it, or, especially m goitres, projected from 
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a sulcus between two lobules of thyroid They were sometimes 
carried partially into the thyioul by vessels Position 3 foi para- 
thyroids IV was the commonest site in which glands lay under 
the cap-ule 01 were carried partially into the thyroid by vessels 
Very rarely parathyroid and thyroid tissues were found on 
microscopic examination to be fused, without any intervening 
fibrous septum In the unselected series no parathyroids were 
completely covered by thyroid tissue In two other dissections 
(71/36, 238/26) however, a gland was completely within the thyroid, 
one being m the centre of a lateial lobe Both these internal 
glands w ere apparently parathyroids III, because glands w ere found 
at a higher level on the same side in the positions of parathyroids IV 
They were therefore not strictly comparable with the internal 
pa rath vi oid*» of certain animals, winch are derived from the fourth 
pouch But m one of the foetuses examined in my papei on 
cmbryoloev (Gilmour 1937) a small accessory parathyroid TV lay 
deep within the tlmoicl beside a thymus IV. 

Kur-tnncr (lS'tS-OS), in a 9 cm foetus and Pepeie (1907-0S) described 
diiiCt continuity between thyroid and parathyroid tissue Muller (18%), 
Scbrt ibc r (ISIS). Berg-trand (1920), Lnhev (192G) and others lm\ e described 
pir ithyroid- within the thyroid and regarded them as homologous with the 
mt< rnnl parathyroids IV of certain animals 1\ ersen, according to Grasmann 
(1*>23), found G puratlu roids within the thyroid and 12 within its capsule in 
9li thyroid- cut into tlun -orml -lice-* 

Hr cur rat I btrynqcnl none Parathyroids IV m position 3 and 
pirathvrnids III m positions 7 and 9 were occasionally m contact 
v ith tin- nei\e 

Rb rnolhyrotd muscle The two glands in position III 11 were 
attached to the stoi no tlnroul muscle. Voluntary muscle was 
found mu m-copiealh m two eases on the surface of glands in 
portions III 1 md 2, and prohibit* came from the same muscle 

PariPrnrJirnl lymph gland* Included m positions I IT 2 and 
3B are p lrithyrouh III which Jay alongside the trachea Here 
they v ere m olo-o rchtmii to tiic hmph glands and could casilv he 
i*>mfusf.l with them Sometime'. Midi parat liyroid 3 were contained 
m the ntt *dnncnt to the trachea of the upper pole of the thvmu a 
v in< h v i' turned inward- 

T? w In 102 -object- ptratluroid- TIT or TV weie -eon 
vi*h t'>, ;i*. 5 cd cae to lie withm thymic ti« 3 ur* The parathyroid 
HI in jwf-itm-j 12B f<»rmtd th* upjM>r pole of an abnormal upward 
t v* of mu h»b * ot thtmit- III. Of the 17.7 parathyroid- III 
H *t t \ in po-ithrs- U! 2 to 12A below the thyroid 117 (66 8 
t* - >“v s — n with th» mhfd eve to lie within thvmti- III 

" ** ' i’i'O** 5 - ( . n an- and 3 (l )>"r t«nt ) to 1m within " thvmus 

HI.' In eh th. r. fon 121 pinthyrcnd- III were '.‘••n 
v to h v in tlymti- III. its involuted n :n iiiw or 



ANATOMY Or PARATHYROIDS 


143 


“thymus lobules III” These 121 paiuthvroids were found in 
0(1 (23 per cent ) of the 428 subjects, 44 of tho glands within the 
thymus oi its involuted remains below the thyroid being bilateral 

Of the 22 subjects in whom the glands within tho thymus oi 
its involuted romains below the thyroid wero bilateral, in 17 tho 
right and left glands were on tho same level The glands within 
tlivmus III most frequently laj within its upper polo or formed 
its upper polo, but thoy sometimes lay beneath it In 3 subjects 
a parathyroid was contained m the upper pole of a thymus III 
which ended short on that side at or just above tho innominate 
v cm In the 3 subjects with a discrete thymus lobule III contauung 
a parathyroid tho lobule laj between tho thyroid and the upper 
polo of tho thymus In onlj one of these three cases did the 
thymus III end short in tho neck on that side, although that 
was the rulo when a thjmus lobule III wns found in subsequent 
disscotions 

In 3 subjects one parathyroid IV was contained in a discrete 
mass of thymus IV that lay behind tho thyroid in the position of 
election, IV 1 

In 36 subjects connection between the thymic tissue and 
parathyroid was not seen with the naked eyo but was found on 
microscopic examination In 31 of these subjects thymio tissue 
was thus found to bo connected with parathyroid III m 20, with 
parathyroid IV in 5, with both parathyroids III and IV m I and 
wrtli unplaced parathyroids in 5 Tho thymic tissue often almost 
encapsulated tho gland, from which it was usually separated by 
fibrous tissue In several cases, however, tho thymic tissue wns 
completely fused with either parathyroid HI or parathyroid IV 
In two cases m tins series and in two subsequent dissections 
Laidlaw's silver impregnation for reticulum fibres was used and 
showed very clearly such a direct continuity between the two 
tissues When there was complete fusion lymphocytes from the 
cortex of the thymus sometimes extended into tho perivascular 
connective tissue of the adjacent part of the parathyroid 

Further, fatty pads containing parathyroids from several 
subjects were examined microscopically, and in each of 6 subjects 
one such pad was found to contain thymic tissue, although none 
was recognisable with tho naked eye 

Close association, sometimes fusion, between thymus and 
parathyroid was therefore seen with the naked eye or the microscope 
in 138 subjects in a senes of 428, that is m 32 per cent Tlus 
compnses 96 subjects with glands m thymus HI or its involuted 
remains, 3 with glands in thymus lobules HI, 3 with glands m 
thymus IV, and 36 m whom microscopio examination showed 
association between parathyroids and portions of thymus HI 
or IV, the thymio tissue being in fatty pads m S 
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Ivurstemer (1S98-99) and Getzowa (1907) found both upper and lowtr 
parathyroids in association with thymic lobules Peterson (1903) nml 
von Verebolv (1907) also mentioned tlio macroscopic or microscopic association 
of parathyroid tissue and tlivmus Erdlieim (1904a) described parathjroul- 
m the upper pole of thymus III and m thymus IV. In one the gland was 
fu«ed with tlivmus IV and lymphocytes from the thymic cortex per\ tided 
the neighbouring perivascular tissue of the gland Gerard (1928) de‘-enbed 
invagination of the cortex of tho thymus into the parathyroid with which 
it was fused 

Phrcinc nerve Askanazy (1911) m a case of leprosy examined many 
nmes microscopically and found m a phrenic nerve n small mass of para- 
thyroid tissue, m which ho claimed to ha\e found oxyphil cells Four 
parathyroid glands in relation to tho thyroid wore also found 

Size 

The 1713 glands fiom the 42S subjects were among those 
employed for the determination of noimal weights by Gihnoui 
and Martin (1937) , 316 were m cases regarded m their analysis 
as abnoimal The mean diameters of the remaining 1397 aie set 
out m the following table 


Age stillborn to 1 daj* 

34 glands 


1*3 Xl 1 X0 7 

mm. 

ft 

1 clay to 3 months 

44 

99 


13 X 1*1 X0 7 

ft 

99 

3 months to 1 year 

40 

99 


2 7 Xl G X0S 

99 

99 

1 to 5 years 

GI 

99 


3 3 x2 00x1 01 

99 

99 

G to 10 \enrs 

20 parathyroids IV 

4 3 x2 27X0 OS 

99 


T» 99 

19 

99 

III 

4*37x2 0 Xl-24 

99 

if 

11 to 20 > cars . 

44 

99 

IV 

5 25 X 3 0 X 1 28 

99 


99 » 

42 

99 

III 

5*31x3 20X1 43 

99 

99 

21 to 30 years 

40 

99 

IV 

G-4 X 3 23 X 1 30 

99 


„ »• 

48 

99 

III 

0 29x3 SOxl 00 

99 

n 

31 vears and over — 







Male.- 

300 

99 

IV 

0*07x3*29x1 42 

99 


Females . 

200 

99 

IV 

0 38 > 3 3 X 1 45 

99 


Mnlo* . 

301 

99 

in 

0 50 X 3 35 X 1 0 

• 9 


Female- 

198 

99 

hi 

6 G3y3 61> 1 01 



As would be expected these sizes show variations which agree 
with those in weight found by Gilmour and Martin to be amounted 
with the age and sex of the subjects and the pouch of oiigm of the 
glands * As with weight there is no marked increase in size m the 
first three months of life The maximum si/c is reached between 
21 and 30 years. Female glands are larger than the com -ponding 
male glands Parathyroids III are larger than parathyroids T\ 
in both male- and females In any gland the large-t diameter 
was regarded as length, the next as width and the -mailt -t a- 
thkkru's- The two longest glands measured 22 and IS mm., 
and v ere stretched over adenomata in the thyroid. A l* ngth of 

* tfj *' > * ti|y -i 1 . -}>!». it -• « I'lyWitrliV t>, r * [4 •) ■* « Vv ' > 

!* i! *****tt»~1 I** III or IV » -i *** » -If** i *** * 3 *** 

4 e-v r* e 
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to make the glands firmer. Glands excluded from the series 
because of hyperplasia were also firmer and more elastic This 
change enabled hyperplasia to be recognised macroscopically m 
glands of normal size. 

The glands usually sank in the 4 per cent saline formaldehyde 
used for fixation In 64 subjects (15 per cent ), however, one or 
more glands floated It is obvious, therefore, that for differentiating 
parathyroids from adipose tissue the behaviour in water or dilute 
formaldehyde is a test of value only when the tissue sinks 

Benjamins stated that in goitre the glands may be stretched or otherwise 
deformed He also described bilobed glands Petersen stressed the presence 
of a hilum into which the vessels run 

Colour. 

The colour varied distinctively with age In the new-born 
and up to the age of 3 months the glands were grey, glistening and 
semi-transparent, apparently due to oedema About the end of 
this tune the glands became greyish white, more opaque and not 
as a rule glistening. If marked wastmg was present they sometimes 
remained for a considerable time of the size and appearance of those 
in the new-born. In the age-group 6-10 years, except m 3 of the 
younger subjects, a yellow tmge was apparent, sometimes a distinct 
creamy yellow In age-group 11-20 years the adult appearance 
was developed The colour was then predominantly yellow, but 
most glands had a brownish or pinkish brown element in the 
yellow. The glands thus contrasted with most of those seen on 
thyroids removed at operation, for these were almost pure yellow 
Congestion made glands reddish brown or dark brown Adiposity 
frequently affected most severely one end of a gland, which thus 
became more yellow than the other In trnmmng glands care 
must be taken not to remove these adipose parts. Some glands 
which were lobulated and yellow appeared identical with adipose 
tissue, and one such gland floated in water Adiposity is not, 
however, the essential factor in producing the yellow colour, 
because no fat was found on microscopic examination m some 
glands that were pure yellow Conversely, owing to congestion 
extremely adipose glands were sometimes dark brown with no 
trace of yellow. 

Yanase first described the characteristic transparency of infantile glands 
and the appearance later of opacity. Erdheun (19046) described the 
enlargement and dark colour of congested glands 

Summary. 

A consecutive senes of 428 dissections giving 1713 parathyroid 
glands established by microscopic examination is analysed, and 
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Method of dissection for discovering the parathyroids 

Owing to the close relation between thymus III and parathyroid HI 
it is essential that the thymus or at any rate its upper poles should not be 
removed It was therefore dissected from the pericardium as far upwards 
as the left innominate vein and was left hanging by its upper poles The 
heart was examined and excised and then the remaining tissues of the neck 
and thorax were removed. The lungs were cut off through their lula, but 
the trachea and oesophagus were left unopened The remainder of the 
specimen was examined from its posterior surface As a rule no parathyroid 
glands were visible m the intact preparation Then on the side to be 
examined an incision was made vertically through the fascia from the level 
of the bifurcation of the common carotid artery downwards over the posterior 
part of the thyroid about 1 cm external to its posterior border, and was 
contmued down on a deeper plane into the angle formed by the trachea 
and common carotid artery The fascia over the thyroid was then retracted 
with the point of the scalpel towards the mid-line Frequently parathyroid 
IV was thus revealed immediately. Otherwise a search was made for it 
with the middle of the posterior border of the thyroid as a starting point, 
the t anous positions in winch the gland may he being explored In searching 
for parathyroid IU the lower pole of the thyroid was taken as the starting 
point If it was not found thereabouts or if the upper pole of the thymus 
was not identified there, the thymus was traced up from below. The 
direction taken by the upper pole of the thymus often led to the gland oven 
if the gland did not he actually within it Throughout the search for the 
gland 1 - all discrete pads of fat were carefully scrutinised, the variations m 
size, shape and colour which the glands may show being kept in mind All 
minor exploratory incisions were made vertically with a sharp scalpel 

In identifying the glands the greatest difficulty nas given by pigmented 
and some v lint wasted fat, but here the water test and tho fact that para- 
thyroid- are rarely- macro=copically* lobular were helpful Consistency was 
of the tmatest help In adults it should always preient confusion with 
nccc'-orv thyroid tissue, but m infant* accessory thvroids are »o small that 
their con«i>tcncv cannot be tested In infants no difficulty was found in 
identifyine p.irnthvroids IV, which were often xisiblo without incision into 
the fn-oiu. but parathyroid*. III were often difficult to di=tinmn=*h from 
accessory thyroids and lymph gland- It was sometimes im{K>®sihle to 




14S 


J. R. GILMOUR 


Muller. L II 

. Beitr. path Anat , 1S9C, xix 327 

Pepere, A 

Arch Ital Biol , 1907-08, xlviu. 67. 

Petersen, H 

. Arch path Anat, 1903, cK'xiv 413 

Rossle, R 

Ibid , 1932, cclxxxui 41. 

Sajtdstrom, I 

Upsala lalaref Forh , 1879-80, xv. 441, 
extract in Schmidt’s Jahrbnchcr, 1880, 
clxxxvn 114 

Schafer, A 

Arch miLr Anat , 1895, xlvi 239 

ScHREXBER, L 

Ibid , 1898, hi 707 

VON- VEREBJSIii , T 

Arch path Anat , 1907, clxxxvu 80 

Welsh D A 

J Anat Physiol , 1897-98, xxxn 292 and 
380 

Yan-ase, J 

. Jahrb Kmderh , 1908, lxvu (Eig-Heft), 
57 

Anat Hcftc, 1902, xix 61 

Zuckerkandl, E. 


Appendix 

Method of dissection for discovering the parathyroids 

Owing to the close relation between thymus III and parathyroid III 
it is es-cntial that the thymus or at any rate its upper poles should not bo 
removed It was therefore dissected from the pericardium as far upwards 
as the left innominate vein and was left hanging by its upper polos The 
heart was examined and excised and then the remaining tissues of the neck 
and thorax were removed The lungs were cut off through tlioir lulu, but 
the trachea and oesophagus were left unopened The remainder of tho 
specimen was examined from its posterior surface As a rule no parathyroid 
glands were visible m the intact preparation Thon on tho side to bo 
examined an mcision was made vertically through the fascia from tho level 
of the bifurcation of the common carotid artery downwards over tho posterior 
part of the thyroid about 1 cm extemnl to its posterior border, and was 
continued down on a deeper plane into tho angle formed by tho trachea 
and common carotid artery The fascia over tho thyroid was then retracted 
with the point of the scalpel towards the raid-hne Frequently parathyroid 
IV w«-> thus revealed immediately Otherwise a search was made for it 
with the middle of the posterior border of the thyroid ns n starting point, 
the various positions m which tho gland may ho being explored In searching 
for parathyroid III the lower pole of tho thyroid was taken ns the starting 
point If it was not found thereabouts or if the upper pole of tho thymus 
was not identified there, the thymus was traced up from below'. Tho 
direction taken by the upper pole of tho thymus often led to the gland oven 
if the glnnd did not lie actually within it Throughout tho search for the 
gland'- nil di-crctc pads of fat were carefully scrutinised, tho variations in 
size, shape and colour which the glands mny show being kept in mmd All 
minor exploratory inci-ions were made vertically with a sharp scalpel. 

In identifying the glands the greatest difficulty wn« given by pigmented 
and somewhat wasted fat, but here the water test and the fact that para- 
thyroids are rarely' macroseopically lobular were helpful Consistency' was 
of tin* tnxnte-t help In adults it. should at way- prevent confu a ion with 
note-- *>ry thyroid ti— tie. but m infants accessory thyroid-, are *-o small that 
their eonM-trney cannot be t<-tcd In infant-- no difficulty was found m 
identify mu jnratlivroid- IV, which were often visible without incision into 
the ta-etn. but pimthyroid- III win. often difficult to di-tingui-h from 
rect*" >ry thvroid- and lymph gin ml- Jt was som* tune- imjxr-sibh to 
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AX EXPLR I M IvXTAL STUDY OF PNEUMONIA 
FOLLOW 1X0 THE ASPJIJATIOX OF OILY 
SUHSI\X(ES LIPOID CELL PNEUMONIA ' 

.1 L II PwinsoN 

l ( vH*g+ f/ovpttal \frdioil School, I irulnn 

(PUT! 8 \T AND XII ) 

K\I!»rNCI is grulim!I> accumulating tlml the adjuration of 01 K 
HubMnnccv mu\ load to well defined pulmonary changes gemnlU 
Known ns lipoid cell pneumonia "J nblo 1 summarises the lit< mlure 
Jt sJion •* that not onh tho lommon)} used cod liver ml and liquid 
jnrnfiin inn} bo responsible but that less well known oils and fats 
inaj also Ir pathogenic I able 1 also brings out the fact that 
provided londitions fivoumblo to aspiration be present, lipoid 
<*ell imumionm can occur in adults n-> well as in children 

Vlt^nlion mn\ bo dir>»ctesl to certain of these cn^es licher'Uiwls 
<1012 11) for in timet dt *srdn •> th« tj jjkji! elmn^e m a male with “Upposed 
catarrh who Jiwl had dmh muni instillations of 0 J p*r ci 11 1 menthol m 
jmrnflln for 20 ve ars Bodm* r and Knl!6s s ta-e (1033) miITi rtsl from < ntnrrh 
and chronic pnchvdcnnin of the \oonl cord'* Tverv evening for 10 mom 
ho had poured HO to 100 c t of liquid paraffin slowlv down his no*-< , allow mg 
it to tmkla into his Inrjnx Stunmbuude r Oku zu kOnnen *' Tin couch 
reflex was nliscnt Kiuhogruphic examination of his chest m 1027 mu.cc sted 
a basal bronchopnc uinonm The* shailows we n* unaltered five V ears Inter 
In LnughlenH case (1023) the patient n male n^eel 14 3 ears had purnlvan 
of tho palate, \ocnl cords and ncce-«orv larvngml muscles He could 
swallow when food was plnccd well hack m the throat Ifo was given 1£ oz 
of liquid paraffin threm tunes duilv for 18 weeks Houck (1030) reports 
tho caso of a mole 47 jears old who was treated for nciito bronchitis with 
intratracheal mjections of warm liquid pnmfiln TJu. resulting illness 
I* rusted for 0 } ears and 8 months before proving fatnl Oil was ropt ntedlv 
found in tho sputum Ihomasnnd Jewett (1020) hov c reported oil fineumomn 
in an adult with cardiospasm and regurgitation following the aspiration of 
butter fat 

Thera is little difficult} in producing hpotd cell pneumonia expermuiitnlh 
Otncvfifio Pelhssier (1020) injected ohvo oil inf mt radically into rabbits and 
dogs nnel found tho lung niveoh plugged with pol} morphonuclear leutoc} tts 
mid macrop!inge*s rich in oil droplets Corper and Freed (1022) found that 
some oils, eg ohvo oil and liquid petrolatum, appear to bo inert Thcso 

* Part of a thesis approved for tho dogn u of Doctor of Mcellcino in tho Univ ersitv 
of London 
l-l 
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1*53 

rtnmtri m tl»« lunpi fnr n long lime (months) producing nt the most a simple 
firolif* rut no tt.ic.tion Oils i*HMh lt\drol\ ncd tn the tKiuc* or containing an 
irritant uetiw prtnciph produc'd pneumonia consolidation or nb^eosa 
formation I«iuikhh n produced ItfKml cell pnrtitnnnm m rabbits b\ ^tvin^ 
menthol in nlliolin** intmtrwelienllv over ji^ocb ranging from two days 
to n moil tin «nd also In nn«nl mid phnrynp al instillation Ikedn (1035), 
on (tie other hand ts that the purulent pneumonia associated with 

tin aspiration of milk i* due to il« hifji hurt* rial rant* nt A most extensile 
investigation hit- bnii earned out b\ Pinkerton (102S) who claimed that 
rnninnl, mineral and \ ep table oit* produced difftnnt rxnetions although 
tli* tiunnlient of inch group gn\i a similar type of pwimumin 

Tat tv mntennl is nf rotirsn found in the lungs in n nunilxT of conditions, 
eg fnt emlKihsm, hptmia a*u<»cinted with rimbcUw lmllitu*, tlio Hand 
f^clulll* r Clin-tian syndrom** and Gauclirr'a disease MncMnhon nnd Wiin* 
(1U2D) noted much fnt in the pulmonary nrt< ries in carbon tetrachloride 
poisoning A few small globules of fnt were present m the ah eolnr cnpillancs 
but not in the alveoli The diagnosis is grntrally straight forward in such 
cases 

III $13 consecutive autopsies nt UimerMty College Hospital 
tight ws of lipoid cell pneumonm lime been found Relevant 
details an summarised in (able II rnpen sections it lien available 

Tajilt U 


Oaten of hpout cell pneumonia encountered in a consecutive series 
of 813 autojmes 
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vv cro stained for fats In cose I a Iobo of the lung was extracted 
with chloroform and about 5 o c of oily material obtained Tins 
oil pio\ed insoluble in acetone and alcohol, but soluble m other and 
chloroform It gave the samo staining reactions ns m the tissues 
except that with mlo blue sulphate a green fluorescence was 
obtained The results correspond with the solubility, staining 
reactions and refraction of liquid paraffin and tlio higher members 
of the paraffin senes 
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up l)j mononuclcai colls (maciophagcs) Tlioro were some largo 
free masses of oil in tho poubronclual lymphatic tissue Those 
stained pink with ntlc blue sulphate and wore therefore not liquid 
paraffin Tlieso mnsses were found in about 75 per cent of the 
rats examined they aro found m noimal animals (Seemann, 
1029-30) Paraffin sections showed small areas of consolidation 
in which tho ahcoli woro filled partly with exudate, partly with 
macrophages distended with droplets of oil of greatly varjmg 
sizo borne of these cells contained only minute droplets winch 
gaxe them a foamy appearance Tho alveolar capillaries were 
congested The peribronchial lymphatics were distended and 
contained macrophages with ingested oil (fig 1) Thero were 
some polymorphonuclear cells in a few of the bronchioles 

27 days Lungs palo and firm Surface irregular with small 
patches of compensatory omphjscma A few greyish nodules 
projected from tho lung surface near the bases Frozen sections 
showed that tho greater part of the oil had been pliagocyted Tho 
free masses in tho alveoli wore fewer m number The distribution 
of the oil was still patch} Paraffin sections showed areas of 
consolidation in which the aheoh were stuffed with macrophages 
show mg certain definite characteristics, \ iz tho cells w ere enlarged 
and contained several large globules of oil which displaced and 
distorted the nuclous so that it might be eccentric and crescent 
shaped (fig 2) Figure 3 show s similar cells in caso 1 of our autopsy 
scries The alveolar congestion w as much less and no exudate could 
bo found Some oil, both free and in macrophages, was found m 
the interstitial tissue of the alveolar w alls, which m the consolidated 
areas show ed somo hyperplasia and increased formation of collagen 
No giant cells were seen The peribronchial lymphatics were not 
distended 

70 days Lungs small with numerous small patches of collapse 
No sohd nodules Pleural cavities normal In frozen sections the 
irregular distribution of the oil in small patches w as still a noticeable 
feature By far the greater part of the oil however w as phngocyted 
Paraffin sections showed slight consolidation and emphasised the 
hyperplasia of the alveolar walls Well formed giant cells were 
present in the pneumonic areas, especially near tho peribronchial 
lymphatio tissue Some wore small and contained only two or 
three nuclei , others were large syncytial masses with up to fifteen 
nuclei (fig 4) 

A rabbit was lulled 27 days after 5 c c of bquid paraffin hod 
been administered intratracheally Macroscopically the lungs 
showed changes of bronchopneumonia Sections showed an 
irregular consolidation of the alveoli with oil-laden macrophages 
There was no evidence of purulent bronchopneumonia The 
alveolar walls showed hyperplasia and giant-cell formation was 
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The experimental work described in this paper arose out of our 
interest m hpoid cell pneumonia, stimulated by its high incidence 
m our autopsy material The object has been to reproduce m 
animals as far as possible lesions seen m the human subject Animal, 
fish, mineral and vegetable oils were administered intiatracheally 
and the resulting lesions studied at different stages of development. 
Special attention has been directed to the possibility that differences 
in constitution of the oil might determine variations m reaction 

Methods 

The following substances have been studied 

1 Vegetable oils Ohve oil, linseed oil, castor oil, poppy seed oil, 
arachis oil 

2 Fish oil Cod liver oil 

3 Animal oils Butter fat, milk 

4 Mineral oils Liquid paraffin, diesolme gas oil, transformer oil 

5 Esters of saturated fatty acids 

a Short chain Tributyrin 

b Long chain Tripalmitin 

6 Esters of unsaturated fatty acids 

a Short chain Triolein 

b Long chain Methyl ester of licamc acid, ethyl ester of linoleic 
acid 

7 Sterols Cholesterol 

8 Phosphatides Lecithin 

Sixty-five Wistar albmo rats, fully grown (200-300 g weight), both male 
and female, were lightly anaesthetised with ether and an intratracheal 
injection of the oil given with a syringe and blunted needle When the fat 
was solid an emulsion was made in water from an alcoholic solution Control 
rats were amesthetised but no oil was injected 0 1 to 0 2 c c was given 
on 7 consecutive days and the animals killed 7, 27 and 70 days afterwards 
Seven rabbits, average weight 2 kg , were given one injection of 5 c c of oil 
through an intratracheal catheter without anaesthetic 

The lungs were fixed in 10 per cent formol saline Frozen sections 
were stained with Scharlach R and hfematoxylui or methylene blue, paraffin 
sections with Ehrlich's acid hiematoxylin and eosin and by van Gieson’s 
method All the animals were quite healthy during the course of the 
experiments and presented no naturally occurring disease at death The 
broncluectatic lesions occurring spontaneously m underfed rats (Passey, 
Leese, and Knox, 193G) were never found, although mild degrees of bronchial 
dilatation following blocking of the smaller bronchi by oil globules were 
noticed in some animals and are described The rats were fed on a diet 
adequate m vitamins A, C and D and grew normally throughout the 
experiments 

Results 

Liquid paraffin. 7 days Surface of lungs reddened, especially 
the lower lobes Small sliotty nodules m lower half of left lobe 
Tiny solid greyish translucent patches on posterior surface of left 
lobe Frozen sections showed a patchy distribution of the oil, 
some of it ljing free m the alveoli and some m finer droplets taken 
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noted m the consohdated areas. Sections were cut of the lnlai 
lymph glands but no fatty material was found 

Summary Intratracheal administration of liquid paraffin to 
rats and rabbits leads to the formation of well defined nodules 
in the lungs These are at first composed of macrophages but 
later on giant cells and connective tissue appear Phagocytosis 
of oil globules is marked and occurs m a characteristic manner 
Diesolme gas oil Some of the animals died 12 hours after 
injection. They showed gross congestion and oedema of the lungs. 
The oil lay m the alveoli in large and small free masses Paraffin 
sections showed acute congestion and haemorrhage into the alveoli 
with large numbers of polymorphonuclear leucocytes and macro- 
phages. Oil globules were found m the cartilage cells of the 
bronchi of a rabbit 

7 days Lungs normal in colour and size with greyish nodules 
m the lower lobes Frozen sections showed large patches of 
consohdated lung tissue contaimng oil, some lying free and some 
engulfed in phagocytes Paraffin sections showed macrophages 
indistinguishable from those found m lesions produced by liquid 
paraffin. Collections of polymorphonuclear cells were seen m some 
alveoh Droplets of oil were present m the interstitial tissue 

32 days Lungs appeared normal except for several grey nodules 
projecting from the surface of all lobes Frozen sections showed 
only a little free oil Most of it was m a finely divided state within 
macrophages Paraffin sections showed a picture similar to that 
produced by liquid paraffin 

Summary. In large amounts diesolme is intensely irritant to 
the lungs In animals which survive, the pulmonary reaction 
closely resembles that with liquid paraffin 

Transformer oil. 7 days. Lungs showed a feu small greyish 
patches of consolidation near the suiface of the right lower lobe, 
otherwise they were normal In frozen sections an irregular dis- 
tribution of the oil. which was mostly lying free m the alveoli was 
observed There was veiy little cellular reaction 

30 days. Lungs apparently normal except for tome .small 
areas of collapse. Very little oil was found in the frozen sections 
and there was no evidence of any reaction on the pail of the 
lung tissue. 

70 days Lungs Might h empln sematous , some golden brown 
speckling beneath the pleura of the lower lobes On section there 
appeared to be miuiII pitches of consolidation In frozen sections 
the oil was irri* 2 iil.irh distributed and mainly infrarcHuHr. fl |f> 
ginbnb- were both large and small and the appearance of the 
macrophage.. varied from a granular type to one showing hra> i 
globule* is in liquid pirafiin Ir-inn- The m.u rophace- wi r ' <hiefi> 
in the alveolar wall-. X<* ei mt cell reaction wn* -eui. 
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Summary Transformer oil produces very little reaction in the 
lungs of experimental animals even after the intratracheal mtiodnc- 
tion of relatively large amounts 

Cod liver oil 7 days Lungs partially collapsed at both 
bases with some small yellowish nodules at the base of the right 
loner lobe In frozen sections oil was present as free masses m 
the alveoli Very few maorophages were seen Paraffin sections 
showed areas of consolidation chiefly around the bronchi and 
bronohioles In the alveoh was a loose shreddy exudate sur- 
rounding oil spaces and entanglmg small macrophages Those 
cells which contained oil had a granular appearance duo to the 
extremely finely divided state of the oil and presented quite a 
different appearance from those seen in the liquid paraffin lesions 
The peribronchial lymphatics were not dilated and there was no 
purulent inflammation of the lung tissue 

27 days Lungs pale, small and Aim Scattered over the 
posterior surface were many subpleural greyish nodules Frozen 
sections showed the oil to be finely emulsified and pliagocyted A 
few larger masses of free oil were seen In the paraffin scotions 
there was irregular patchy consolidation, the alveoh being filled 
with macrophages These cells had a granular appearance due 
to the very fine state of division of the oil (fig 5), and resembled 
the cells seen in case 8 (fig 0) Some hyperplasia of the aheolar 
walls and congestion of the alveolar capillaries was observed 
There was no giant cell reaction 

70 days Lungs shrunken, with small raised potches of 
compensatory emphysema Some yellowish discolouration of tho 
surface of the lower lobes with many pm-pomt greyish nodules 
Frozen sections show cd some loose masses of oil in tho alveoh but 
most of it had been pliagocyted Paraffin sections brought out in 
addition an increase in the number of collagen fibrils in tho alveolar 
w alls and small giant cells w ere seen 

Old cod liver oil Rats were given one injection of 1 c c 
of cod liver oil about two jenrs old which had developed a rancid 
biting odour due to tho prescnco of a peroxide After 28 days 
tho pulmonary lesions wero about tho sarno m nature and extent ns 
those produced by fresh cod liver oil Bronchiectasis was however 
w oil marked and many of tho macrophages appeared to be fusing 
into small syncytial masses with several nuclei 

Summary Cod liver oil produced a well marked nodular 
reaction consisting of a macrophage accumulation around tho 
introduced od masses Phagocytosis proceeded actively m a 
characteristic manner different from that seen with liquid paraffin 
Fibrosis occurred in tho later stages but was not marked 

OUve oil produced a noduhr reaction, well defined in seven 
days but noticeablj diminished m 70 days Tho nodules wero 
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composed of macrophages, some filled with large droplets of oil, 
others stuffed with tiny oil granules The cellular reaction was 
not very marked, nor was there evidence of giant-cell formation 
or fibrosis 

Neohydriol (poppy seed oil containing 40 per cent iodine) 
called forth very little reaction The macrophages took on a 
finely granular appearance after phagocytosis of the oil Apparently 
most of the neohydriol was got nd of by other means 

Castor oil produced a very shght reaction, most of the oil 
being removed by methods other than phagocytosis Macrophages 
showed a finely granular appearance similar to that seen with 
cod liver oil 

Ararfus oil produced a well marked pulmonary reaction, 
macrophages invading the oil masses and talcing on a granular 
appearance through fine emulsification of the oil Capillary 
congestion was more marked and a fibrinous exudate appeared 
m the alveoli 

Linseed oil was associated with a fairly intense congestion and 
exudation in the lungs during the early stages, but macrophages 
were seldom numerous Phagocytosis was not marked , the 
phagocytes had a finely granular appearance In the later stages 
fibrosis was present though not marked Giant cells were not seen 
Cow’s milk produced no lasting change, lungs examined 7 
and 56 days after intratracheal administration showing no definite 
lesion Both boiled and untreated milk were used The bacteria 
present were apparently not pathogemc to rats The fat content 
of the milk was very low (less than 5 per cent ) 

Butter Injected at body temperature, butter produced a 
shght macrophage response after 7 days and small greyish nodules 
were seen after 56 days The fat was ingested by phagocytes which 
became filled with fine granules of oil There was considerable 
increase in fibrous tissue m some of the lungs and usually marked 
proliferation of the peribronchial lymphatic tissue. Whilst free fat 
was present in the alveoli the lymphatics appeared widely dilated 
Tnbutyrxn. Rats were given one injection of 1 c c mtra- 
tracheally One rat died five minutes after injection with acute 
oedema of the lungs 

28 days Lower lobes of lungs studded with greyish nodules 
many of which were around the bronchi Frozen sections 
showed areas of bronchiectasis with numerous oil-laden macro- 
phages in the peribronchial lymphatic tissue and also m the 
exudate in the bronclual Iumina Paraffin sections showed 
advanced peribronchial fibrosis but no alteration in the type of 
bronchial epithelium Many macrophages still contained oil in 
a very fine state of division Some had fused to form small 
syncytial masses In this case no oil was found except m the 
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composed of macrophages, some filled with large droplets of oil, 
others stuffed with tiny oil granules The cellular reaction was 
not very marked, nor was there evidence of giant-cell formation 
or fibrosis 

Neobydriol (poppy seed oil containing 40 per cent iodine) 
called forth very httle reaction The macrophages took on a 
finely granular appearance after phagocytosis of the oil Apparently 
most of the neohydriol was got nd of by other means 

Castor oil produced a very shght reaction, most of the oil 
being removed by methods other than phagocytosis Macrophages 
showed a finely granular appearance similar to that seen with 
cod kver oil 

Arachis oil produced a well marked pulmonary reaction, 
macrophages invading the oil masses and taking on a granular 
appearance through fine emulsification of the oil Capillary 
congestion was more marked and a fibrinous exudate appeared 
m the alveoli 

Linseed oil was associated with a fairly intense congestion and 
exudation m the lungs dunng the early stages, but macrophages 
were seldom numerous. Phagocytosis was not marked , the 
phagocytes had a finely granular appearance In the later stages 
fibrosis was present though not marked Giant cells were not seen 

Cow’s milk produced no lastmg change, lungs examined 7 
and 56 days after intratracheal administration showing no definite 
lesion Both boiled and untreated milk were used The bacteria 
present were apparently not pathogemc to rats The fat content 
of the milk was very low (less than 5 per cent ). 

Butter. Injected at body temperature, butter produced a 
shght macrophage response after 7 days and small greyish nodules 
were seen after 56 days The fat was ingested by phagocytes which 
became filled with fine granules of oil There was considerable 
increase m fibrous tissue in some of the lungs and usually marked 
proliferation of the peribronchial lymphatic tissue Whilst free fat 
was present in the alveoli the lymphatics appeared widely dilated. 

Tnbutyrm Rats were given one injection of 1 c c mtra- 
tracheally One rat died five minutes after injection with acute 
oedema of the lungs 

28 days Lower lobes of lungs studded with greyish nodules 
many of which were around the bronchi. Frozen sections 
showed areas of bronchiectasis with numerous oil-laden macro- 
phages m the peribronchial lymphatic tissue and also m the 
exudate in the bronchial lumina Paraffin sections showed 
advanced peribronchial fibrosis but no alteration in the type of 
bronchial epithelium Many macrophages still contained oil m 
a very fine state of division Some had fused to form small 
syncytial masses In this case no oil was found except m the 
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bronclucctntio lesions and it seems reasonable to suppose that, 
with tile largo injection gi\on, blockage of a bronchus had occurred 
No bronclucotatic lesions were scon except in conjunction with 
masses of fat There was no evidence of rat pneumonia 
Tripalmitin A rabbit was given See lntratracltcally 
-8 days Lungs appeared normal Frozen sections showed 
a few scattered oil droplets, very fow of which were phagooj ted 
There was practically no emulsification The cartilage colls around 
one of the bronchi contained many globules of fat In paraffin 
Mictions no oil reaction was found There were many areas of 
collapse with some fibrosis of tho alvcolai walls 

Summary Tnbutjnn is toxic to some animals and they may 
die from acute oedema of the lungs The fat is finely emulsified 
and ingested by macrophages Tnpalmitin produces very little 
reaction m tho lungs so far as can bo seen from the limited material 
Triolein Bats w ere injected with a single dose of tnolem of 
about 1 c c 

30 days Lungs appeared normal Frozen sections showed a 
fow largo globules of oil which had escaped phagocytosis Paraffin 
sections showed onlj a few small areas of collapse 

50 days Lungs normal except for some tiny nodules along the 
edge of tho right middle lobe Frozen sections showed only mmuto 
amounts or oil, partly pliagoeytcd, partly in free masses 

Ethyl ester ol linoloia acid Rats wore given one injection 
of 1 c o Ono rat died after 18 hours with acute congestion and 
nodular consolidation of tho lung In frozen sections much oil 
was scattered evenly throughout It was chiefly in shreddy 
masses, while Borne had been broken up into small globules but not 
pliagoeytcd Paraffin sections showed an acute oedema with many 
small macrophages in the alveoli Two other rats were killed 
'45 days after injeotion but no oil was found in tho lungs 

Methyl ester ot licanlc acid Bats were given one injection 
of 1 c c 

10 days The lungs showed some solid white patobes raised 
1 mm above the surface in the left lobe Frozen seotions showed 
that tho exudate in the consolidated areas oontamed polymorpho- 
nuclear cells and macrophages stuffed with fine droplets of od 
In paraffin seotions were areas of pneumonia in which the alveoli 
were filled with structureless exudate and many polymorphonuclear 
cells and macrophages of the granular type Oil was found only 
in these consolidated areas Elsewhere there were patches of 
collapse and emphysema 

45 days Lungs normal No oil was found m frozen seotions 
and pamffin sections showed normal tissue 

Summary The esters of unsaturated fatty acids are rapidly 
removed from the lungs Tnolein is only slightly phagocyted 
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arise m three ways (1) tlirough the administration of oil to young 
infants in whom the sw allowing reflex may not bo fully developed , 
(2) m patients who have laijngcal paralysis oi some pathological 
condition which may lead to vomiting, regurgitation oi coma, 
in this group the pulmonary lesion may arise from aspiration of 
fat containing stomach contents , and (3), surpusmgly frequently 
by r nasal instillation of oil for some catarrhal condition of the 
nose and throat, it would seem that nasal administration of oily 
substances, especially to individuals with altered laryngeal reflexes, 
should not be lightly undertaken 

The pathological picture when fully developed is typical The 
presence of a fairly severe bronchopneumonia in which small and 
largo, prominent, greyish or white firm areas project from the lung 
substance is suggest ho of lipoid cell pneumonia The diagnosis 
from tubciculosis or malignant disease of tho lung presents little 
difficulty, for tho distribution and character of the lesions are 
different But the fully formed picture is not a constant finding, 
and m all likelihood depends on a considerable amount of oil having 
been aspirated Thus m our 8 cases 2 only, both adults, showed 
easily' recognisable wluto nodules In one tho nodules were half- 
an-mch to 2 inches m diameter, finely trabeculated from invasion 
of connective tissue, and showed tiny oystic spaces some of which 
were filled with soft wluto material In tho second case a largo, 
firm, white area with central softonmg was found at tho base of 
one lung In the other G eases no such nodules were found and 
the diagnosis was made from routine microscopical preparations 
some time after tho autopsies had been performed It is possible 
that, with tho experience obtained from a study of the two cases 
with characteristic nodules, some of these earlier cases might have 
proved no less typical In the majority, the usual finding was 
severe bronchial pneumonia with much exudate m tho bronchi 
Pulmonary oedema was absent oxcopt m a two weeks’ old child 
Another case m a sixteen days’ old infant showed no oedema of 
the lungs Enlargement of the hilar and traoheo bronolual glands, 
though found ui two cases, was more frequently absent 

The ultimate diagnosis depends on the microscopio examination 
of frozen and paraffin sections Pat staining settles tho naturo of 
the free or phagocyted masses of foreign material which can usually 
be detected m the alveoli of the lungs Pat staining may also give 
a clue to tho type of oily substance aspirated Pinkerton (1927) 
gives a very useful table of tho staining reactions, solubilities and 
refraction of a number of the common oily substances which may 
roach tho lungs 

In addition to those tests valuable information is obtained 
from a study of the phagocytes (macrophages), especially the 
manner in which they have mgested od globules My experiments 
mots or rim. — vox xttt l 
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The long chain esters are finely emulsified and are partly removed 
hy phagocytosis 

Lecithin Rats were given a single dose of 1 c c intratracheally 
m watery solution 

28 days The left lobe of the lung showed several patches of 
consolidation and some areas of bronchiectasis. In frozen sections 
the oil, finely emulsified, was distributed around broncln and was 
phagocyted In the dilated bronchi were polymorphonuclear cells 
and oil-containing macrophages embedded m a mucinous exudate. 
The bronchial epithelium was normal Paraffin sections showed areas 
of consolidation in which the exudate contained many macrophages 
of granular type and some polymorphonuclear leucocytes (fig 7) 
There was no hyperplasia of the alveolar walls The peribronchial 
lymphatic tissue was greatly increased m the bronchiectatic areas 

59 days There was some brownish speckling of the lung surface 
and the lungs felt firm Frozen sections showed marked hyper- 
plasia of the peribronchial lymphatic tissue but no bronchiectasis 
in the material exammed The bronchial mucosa was hypertrophied 
and folded into the lumen The fatty material was finely emulsified 
and phagocyted by macrophages collected m groups around the 
bronchi (fig 8) 

Summary Lecithin produces marked peribronchial cellular 
response and hyperplasia of the lymphatic tissue. 

Cholesterol Rats were given a single injection of 1 c c of 
an emulsion of cholesterol 

10 days Lungs appeared normal. Frozen sections showed 
few but relatively large masses of cholesterol , there was no evidence 
of phagocytosis 

30 days Lungs appeared normal In frozen sections small 
globules of doubly refracting fat were present m the extreme 
periphery of the lung No phagocytosis was observed 

40 days Lungs normal Sections showed some cholesterol 
at the periphery of the lung, some of it intracellular The remainder 
of the lung substance was normal. 

Summary Cholesterol appears to produce very little reaction 
m the lung Most of it disappears rapidly from the pulmonary 
tissue and that which remains calls forth only a slight cellular 
reaction 


Discussion. 

Oil aspiration pneumonia occurs not only m infants but m 
adults of all ages Consideration of the literature, together with 
our own cases, shows that it should be suspected in bedridden 
subjects suffering from paralysing diseases or disease associated 
with vomiting who develop pneumonia Especially suggestive is 
a history of the administration of oily substances Aspiration may 
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imso in tlirco uajs (1) through the ndmnnstiation of oil to young 
infants in whom the swallowing reflex may not bo fully developed , 
(2) in patients who liavo laryngeal paralysis oi some pathological 
condition which may lead to vomiting, regurgitation oi coma , 
m this group the pulmonary lesion may arise from aspiration of 
fat-contaming stomach contents , and (3), surprisingly frequently 
bj nasal instillation of oil for some catarrhal condition of tho 
nose and throat, it would seem that nasal administration of oily 
substances, especially to individuals with altered laryngeal reflexes, 
should not be lightly undertaken 

Tho pathological picture when fully developed is tjpical Tho 
presence of a fairly se\ ere bronchopneumonia in which small ond 
large, prominent, greyish or white firm areas project from tho lung 
substance is suggestive of lipoid coll pneumonia Tho diagnosis 
from tuberculosis or malignant disease of the lung presents little 
difficult), for tho distribution and character of the lesions are 
different But the fully foimcd picture is not a constant finding, 
and in all likelihood depends on a considerable amount of oil having 
been aspirated Tiius in our 8 cases 2 only, both adults, showed 
easily rccognisablo white nodules In one tho nodules were lialf- 
an-inch to 2 inches in diameter, finely trnbcculnted from invasion 
of connective tissue, and showed tiny cystic spaces some of which 
were filled with soft white material In the second case a largo, 
firm, white area with central softening was found at the base of 
one lung In the other G cases no such nodules wero found and 
tho diagnosis was made from routine microscopical preparations 
some time after the autopsies had been performed It is possible 
that, with the experience obtained from a study of tho two cases 
with characteristic nodules, some of these earlier cases might have 
proved no less typical In the majority, tho usual finding was 
severe bronchial pneumonia with much exudato in the bronchi 
Pulmonary oodema was absent except m a two weeks’ old child 
Another case in a sixteen days' old infant showed no oedema of 
the lungs Enlargement of the lular and tracheo-bronclual glands, 
though found m two cases, was moro frequently absent 

The ultimate diagnosis depends on the microscopic examination 
of frozen and paraffin Beotions Fat staining settles the nature of 
the free or phagooyted masses of foreign material which can usually 
be detected in the alveoh of the lungs Fat staining may also give 
a duo to the type of oily substance aspirated Pinkerton (1927) 
gives a very useful table of the staining reactions, solubilities and 
refraction of a number of the common oily substances which may 
reach the lungs 

In addition to these tests valuable information is obtained 
from a study of the phagocytes (macrophages), especially the 
manner in which they have ingested oil globules My experiments 

jodht of rjLTir —tot. xtvt l 
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lead me to believe that cod liver oil is phagocyted differently from 
liquid paraffin (c/ figs 5 and 2), and I have found some evidence that 
these differences apply also to human material. In long-standing 
cases foreign body giant cells appear and may contain oil droplets 
A. slight connective tissue prohferation is sometimes seen but it is 
to be emphasised that this is not a prominent feature. The changes 
are essentially alveolar and bronchial in distribution. 

There is close agreement between the changes m naturally 
occurring cases of oil aspiration pneumonia and those produced 
experimentally in animals In experimental oil pneumonia, greyish 
or white areas and small nodules associated with bronchopneumonia 
and much exudate in the larger air passages are characteristic 
Hilar gland changes too are slight The fats can generally be 
demonstrated in the alveoli Some however are quickly removed 
by the normal clearing mechanism of the lung — cihary movement, 
bronchial peristalsis and perhaps absorption Macrophages are 
numerous in the air spaces and are filled with oil particles Giant 
cells may be formed after some time and a shght fibrous tissue 
reaction has been observed The analogy between the experimental 
and human oil pneumonia is thus complete The experimental 
study is of value m showing the similarity of reaction produced by 
various oils and their constituent compounds At the same tune 
it clearly suggests that individual variations are determined mainly 
by the rate of removal of the oil from the air passages With 
cod liver oil and hquid paraffin consolidation may last for some 
months and eventually a prohferative change with formation of 
giant cells and fibrous tissue sets in Any oil which remains m 
the lungs for a long time may produce such a reaction Poppy seed 
oil (lipiodol, neohydnol) is especially interesting This oil is hardly 
phagocyted at all, and at any rate m human beings is removed almost 
completely by expectoration, hence its suitability for radiographic 
work. Wright (1936), however, reports a case of carcinoma of the 
bronchus m which the tumour proved an effective barrier to the 
natural removal of the lipiodol by expectoration and at autopsy 
an oil reaction was found Also in experimental animals injected 
with neohydriol tiny areas of reaction were found after 70 days 

The vegetable oils as a group produce less reaction than the 
mineral, fish and animal oils, and are rapidly removed from the 
lungs Arachis oil and olive oil lead to more marked lesions than 
other members of the group 

In considering the differences in phagocytosis of oil droplets, it 
would seem that the degree of emulsification is important. Liquid 
paraffin is coarsely emulsified and the distortion of the cells by 
relatively large droplets of oil is characteristic Cod liver oil is 
finely emulsified and the ingested oil produces a granular or fluffy 
type of macrophage which is again distinctive Eouglily the oils 
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may bo divided into three groups according to their degree of 
nnsaturation Table III has been compiled to compare the dogree 

Table III 


Comparison of degree of emulsification u itli degree of imsatiirntwn 


Dram 1 of iinsatumtion 

Oil 

Degree of emulsification 

Mamh saturated 

Liquid paraffin 
Transformer oil 

Coarse 


Tnbutyrin 

tine 


Tnpnlnutin 

Coarse 

Maml> unsaturated 

Cod li\ nr oil 
Castor oil 

Anicius oil 

Linseed oil 

tine 


Fopp> Reed oil 

1 rioleut 

Coarse 

Equal amounts of saturated and 

Oh\* oil 

Coarse and fine 

unsaturated groupings 

Butter fat 

Mostly fine 

Diesoluio 

Coarse and fine 


Lot lthin 

Tino 


of emulsification with the degree of unsaturation It will be seen 
that the more unsaturated the oily substance, the more completely 
is it phagocyted within the lung There are two exceptions to this, 
tnbutyrin and triolein Tnblitynn, being a glyceride of a saturated 
fatty acid, should bo coarsely emulsified and triolein should bo 
finely emulsified as it is unsaturated Obviously othor factors aro 
concerned m phagocytosis, but it does appear that there may bo 
some relationship between emulsification, phagocytosis and the 
degree of unsaturation 

In rats given a single largo dose of oil there is a tendency for 
bronchiectatic lesions to develop That these lesions aro due to 
bronolual changes produced by oil and not a naturally occurring 
disease seems probable because (1) bronclueotasis was never found 
in rats given a senes of small doses of oil , (2) oil was found m the 
bronchi and surrounding lung tissue m all the bronchiectatic areas 
observed , (3) control animals wero free from bronchiectasis and 
lung lesions No parallel can be drown here between human 
and experimental observations, for so far os I Know bronchieotasis 
has not been found in association with lipoid cell pneumonia m man 

Summary 

Lipoid cell pneumonia can be produced experimentally by the 
intratraoheal a dmi nistration of oil Relatively large quantities 
given m a senes of small doses are required to produce a typical 
reaction , single large doses tend to produce bronchiectasis The 
leaction is similar with all oils and is essentially a macrophage 



1C4 


J. L. H PATERSON 


response with phagocytosis of oil droplets With very slow removal 
of the oil, a foreign body reaction may develop producing giant cells 
and fibrosis Vegetable oils are most easily removed from the lungs ; 
liquid paraffin and cod liver oil produce the most severe reactions 
Some oils are very toxic, tnbutyrm for instance causing acute oedema 
of the lungs and diesoline gas oil acute haemorrhage into the alveoli 
Certain fractions of the oils produce the same reaction as the oil 
itself Lecithin is especially potent , cholesterol gives very little 
reaction The more unsaturated the oily substance the more 
finely is it emulsified within the lung and the more marked is the 
resulting phagocytosis 

My thanks are due to Professor G R Cameron for help in preparing this 
paper and to Professor J C Drummond and Dr J H Paterson for supplying 
certain oils The expenses of the work were defrayed by a giant from the 
Graham Research Fund 
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INFECTION OF MICE WITH BRUCELLA ABORTUS 
OF BOVINE ORIGIN* 

N J Scoiton 

From the Royal Veterinary College, London 

JIitukuto guinea-pigs have been the most commonly used laboratory 
animals for experimental purposes and for tho isolation oiBr abortus 
from naturally infected material In several rccont publications, 
howoior, it lias beon suggested that it might bo advantageous to 
use nuco for such work, particularly in experiments where largo 
numbers of animals are required 

That mice aro susceptible to infection with Br abortus (bovmo typo) 
lias been shown bj Holtli (1911), Fabyan (1012, 1913) and Hagan (1922) 
Mora recently, Bcr (1933) has found that tlio inoculation of largo numbers 
of organisms — 800 x 10* — gives riso to n scptic-cmio condition in mico wlncli 
appears within 24 hours, and tlint it is possiblo to recover oigamsms from 
tho blood for periods of 6 montlis or more Ho also states that ns few as 
8 or 0 bacilli maj bo sufficient to cause infection Further, in 9 cases where 
tho inoculum consist! d of 0 r > c o of tho stomach contonts of aborted calves, 
ho was ablo to recover Br abortus from tho spleens of inoculated mico rtftoi 
one month luldman and Olson (1935) inoculated mico with strains of 
bovine and porcino origin Practically uli survived tho period of tho 
experiment up to 70 ilnvs and Br abortus was recovered from tho spleens 
of 28 out of 34 oi tho mico Agglutinins to a litre regarded os significant 
wire present in tho xoru of nearly all tho ammaLs whoso blood was tested 
bingor und bhavv (193G) report that inoculation with largo doses, vir 
300 million Br abortus (poicino typo), was fatal to wluto mico within 4 days 
Similarly Singer Brooks (1937), working with Br mehtensis and Br abortus 
(bovmo and porcino types), found that injection of dosos os high ns 000 
million oigamsms of tho bov ine typo caused death of tho mico within 4 days 
It appears from this work that Br mehtensis and Br abortus (poremo type) 
nro more pntliogonio for mico than is Br abortus (bovmo typo) Injection of 
Br abortus (bovine tjpo) in lower dosage, viz 100,000 and 1000 organisms, 
was not fatal to tho mico and attempts at recovery of tho organisms from 
injected animals wore in most eases unsuccessful 

Tlie present investigation was undertaken with a view to 
ascertaining the suitability of mice for experimental and diagnostic 
procedures m connection with Br abortus infection in cattle Mice 
and guinea-pigs were inoculated with cultures of Br abortus of bovmo 
origin or with naturally infected milk in order to compare their 
relative susceptibilities to infection 

* This work was earned out with tho assistance of a grant from tho Agncultural 
Research Council (Groat Britain) 
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Two cultuies of lit. abortus (B 54 and Ast 370) isolated fiom aboited 
eal\ ei wero lined The cultuieb foi inoculation weie giown on 5 pei cent 
potato extinct agai slopes m an atmosphere containing 10 pei cent of CO. 
The growth after 3 days was washed off in sterile Rmgei’s solution and 
blandaidised to tube 4 of Biown’b opacity standards, winch is equivalent 
to 7S0 million Bad coli per c c The inocula were pieparod by diluting 
tins suspension 10' 1 , 10'- . 10 10 Groups of fully grown mice and 

guinea-pig* weie then injected with this matenal, each animal leceiving 
1 c c of the appiopiiatc dilution Mice were inoculated mlraperitoneally 
or subcutaneously and guinea-pigs mtiamusculaily in the tlugli Tlio 
niunbei of organisms inoculated in each case was estnnated by mixing 1 c c. 
of the dilutions 1 10 7 to 1 10 10 with potato extract agar in Petri dishes 
Counts were made aftei 3 days’ incubation and the numbei of organisms 
in each dilution calculated 

Tlio naturally infected milk was obtained from cows whoso blood seriun 
was showing a high agglutination titro for Br abortus Twenty cc of 
milk from each quaiter were mixed and centrifuged foi 15 minutes on n 
high-speed conti lfugo The cream was then collected with a wide-mouthed 
pipette and added to tlio deposit at the bottom of the contrifugc tube after 
decanting the supernatant milk A few c c of this milk wore utilised to 
facilitate tho mixing of tlio cicam and deposit Four mice and 2 guinea-pigs 
were each inoculated with 1 c c of mixed cream and deposit from each of 
the cows 

In the experiments with cultuies of Br abortus the animals wcio killed 
appioximately 60 days nftcr inoculation Blood was collected from tlio 
chest oi axilla and was later submitted to an agglutination test against a 
Br abortus suspension standardised by means of a dried abortus serum 
(Stableforth, 1936) The abdomen was opened and the whole of tho spleen 
in mice, or part of tho spleen in guinea-pigs, removed to a test-tube containing 
sterile broth and sand The spleen was ground up by means of a small 
glass pestle and a loopful of the supernatant fluid then transferred to 2 slopes 
and 2 plates of potato extract agar Theso weie examined after 4-6 days’ 
incubation and a numbei of colonies picked from each and sown on a fuitlier 
senes of slope- The resulting growths were washed off and submitted to 
tho agglutination test with a known positive bovine serum. Diagnosis of 
infection was ba«cd on tho rceovoiy of Br abortus from tho spleen 

With naturally infected milk the post-mortem technique was similar, 
except that tho mice nnd guinea-pigs were killed after tho sliortoi interval 
of 30 day s. 

Results. 

Expts I and II. In these two experiments 02 mice in all were 
injected with doses ranging from 810x10° to 572x10 s organisms 
from a culture of B 54 The results are combined in table I 

Br abortus was lccovcied from the spleens of 33 out of the 
51 mice which survived until the end of the expemnents Eleven 
mice diet! during the course of the experiments and from 7 of these 
Br. abortus was recovered. In two of the mice which died, all 
culture- from the spleen were grossly contaminated and m the 
re-ult- the-c two animals have been disregarded. Thus, of 00 mice 
m wimii a diagnosis was possible Br. abortus was recovered from 
the '-pieens of 40 animals 
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Tabu. I 


Susceptibility of mice to varying numbers of Br abortus [ex pis I anil II) 


Nnmlier or 
organism** 
Inoculated 


Number of mice 



In group 

«ura king 

dying 

infected 

not infected 

810x10* 

10 

14 

5 

14 

5 

572xU* 

0* 

3 

3 

4 

1 

sioxir* 

LI 

13 

0 

5 

8 

572 x 10* 

0» 

4 

2 

5 

0 

572 x 10* 

II 

G 

0 

G 

0 

r.7Jxio> 

1! 

5 

1 

4 

o 

572 x 103 

n 

0 

0 

2 

4 


• Ml rnltnrro from the spleen of one mou«c In each or thc*«e groups were contaminated 


Expt III Culturo motorml proparetl from strain B 54 of 
Br abortus «as again used m tins experiment Groups of mice 
and guinea-pigs were injected with doses of organisms varying from 
280x10“ to 28 organisms The results are set out in table II 


Table n 


Susceptibility of mice and guinea pigs to Br abortus ( bovine type) 


Number nr 
organ! nv* 
inoculated 

Strain 

u«cd 

Nnmlicr of mice 

Number of guinea pig* 

lu group 

infected 

not Infected 

in group 

Infected 

not Infrcted 

Expt in 








280x10* 

B 54 


10 

0 

4 

4 

0 

280x10* 

B 54 

13 

13 

0 

5 

5 

0 

280x10' 

B 54 

15 

14 

1 

5 

5 

0 

280x10* 

B 54 

14 

13 

1 

4 

4 

0 

280x10* 

B 54 

31 

15 

10 

5 

5 

0 

280x10 

B 54 

11 


11 

5 

5 

0 

280 

B 54 

0 

Bl 


5 

3 


28 

B 54 

13 



4 

3 

1 

0* 

B 54 

14 

u 

KB 

ft 

0 

ft 

Expt IV 



■■ 





740x10* 

Ast 370 

13 



3 

3 

0 

740x10* 

Ast 370 

14 



5 

5 

0 

740X10* 

Ast 370 

10 

Kfl 


4 

4 

0 


* Tho Inoculum contained no organhra* as Judged by the culture test 


Br abortus was recovered from the spleens of 65 mice, or 50 per cent , 
of the 110 inooulated with bacteria and from 34 of the 37 gumea- 
pigs The lowest dose with which mice were infected was 280 x 10 s 
organisms, whilst infection was found m guinea-pigs with a dose 
os low os 28 organisms A further 14 mice and 5 gumea-pigs 
received on inoculum in wluoh no organisms could be detected 
by plate oultures In none of these animals a as Br abortus 
recovered post mortem 
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Expt. IV. Cultures -were prepared from another strain of 
Br. abortus (Ast 370) Thirty-seven mice and 12 gumea-pigs 
leceivcd doses ranging from 740x10° to 740 xlO 1 organisms. 
Unfortunately, lower doses could not be used. Br abortus was 
recoveied from the spleens of 31 mice and from all the guinea-pigs 
(table II) 

Expt. V. In this expeiimcnt the inoculation material consisted 
of the cream and the deposit from samples of milk from 10 cows 
infected with Br abortus Four mice and 2 guinea-pigs were each 
injected with Ice of the matenal from each sample As a result 
of the guinea-pig inoculation the presence of organisms m the 
milk was diagnosed m all the samples (table III) Two gumea-pigs 

T atilt: III. 


Inoculation of mice and qumcn-ptq’! with naturally infected mill 


Milk ! 

NhiiiIk r or Miniting pulnes-piRa 

Xnmlicr of sun l\lnc mice 

Amins!* dtlwr 

"■ample 







Infortotl 

Acplutinln 

tttrt. 

not 

Infwtt <1 

ItifMrrl 

Aeidutlntn 

tltn 

not 

lulittul 


1 

1 

1 80 

0 

i 

1 40 

o 

1 guinea pig 

1 mouse 

o 

1 

I G40 

0 

i 

1 100 

3 

1 guinea pig 

3 

2 

1 80 

1 120 

0 

0 


4 


4 

2 

1 2500 

1 320 

0 

1 

1 320 

1 

2 mice 

S 

o 

1 G40 

1 320 

0 

0 


2 

2 » 

G 

2 

1 2360 

1 G40 

0 

0 


3 

1 mouse 

7 

i 

1 40 

1 

0 


4 


s 

o 

1 640 

1 320 

0 

0 


3 

1 mouse 

0 

i 

1 320 

1 320 

0 

0 


3 

1 

10 

o 

1 320 

1 G10 

0 

0 


2 

2 inico 

Totals 

17 

• 

1 

3 


n 



and 10 mice died after inoculation and in these no post-mortem 
examination was carried out Eighteen gumea-pigs survived the 
pciiod of the experiment and Br. abortus was recovered fiom the 
spleens of 17 of them In the 30 mice surviving and examined, 
Br abortus was recovered from 3 animals only (samples 1, 2 and 1). 
In sample 1, 1 mouse out of 3 was infected, m sample 2, 1 mouse 
out of 4, and in sample 4, 1 mouse out of 2. 
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Agglutination hires tn mice and guinea-pigs 

The titres in mice infected with culture were as a rule much 
lower than those m infected guinea-pigs inoculated with the 
corresponding numbers of organisms (table IV) It will he seen 
that the titres recorded in espts I, II and HI, where stram B 54 
was used, were lugher in both animals than m expt IV, carried out 
with stram Ast 370 In mice it would seem that the highest 
incidence lies between 1 80 and 1 10 with B 54 as against 1 040 

Table IV 


Agglutination litres in infected mice and guinea pigs 


Titres 

Isumhorormlcc 

f \ atnlter of gulnat pigs 

Fxpt I 

rxpt ii 

Fxpt III 

Fxpt n 

Totals. 

Fxpt III 

Fxpt IV 

Total < 

1 040+ 1 

2 


0 

0 

n | 

mm 

0 

18 

1 120 

1 


0 

0 

8 1 


0 

4 

1 100 

1 


8 

0 

U i 

K8 

4 

8 

1 80 

1 


11 

2 

10 


G 

11 

1 40 

1 


15 

8 

25 



1 

1 JO 

*1 


10 

8 

10 , 

0 

SB 

> 

1 10 

o 

l 

14 

a 

19 j 

0 


o 

0 

! 

0 

1 

11 

in 1 

0 

0 

0 

Totals 

18 

15 


11 


14 

12 



or higher m guinea-pigs With strain Ast 370 the highest mcidcnco 
was between 1 40 and 0 in nuco, and between 1 80 and 1 10 
in guinea-pigs There was no correlation between titre and the 
number of organisms injected In 2 infected mice of the B 54 
groups (expts I, II and III) and m 11 of the Ast 370 group 
(expt IV) there were no demonstrable agglutinins m the blood 
serum Agglutinins were never dotected in mice from which 
Hr abortus could not bo isolated from the spleen 

Discussion 

In this investigation it was found that relatively large doses of 
tw o strains of Br abortus w ere required to mfect mice In a total 
of 213 mice injected with graded doses of cultures ranging from 
810x10“ to 28 organisms, Br abortus was recovered from the 
spleens of 13G or G3 GO per cent of the animals inoculated The 
minimal infcotn c dose w ith ono of the strains w ns 280 x 10 s organisms 
and Br abortus was recoicred from approximately onlj one half of 
the animals injected with this dose Injection of much larger 
numbers of organisms did not result in certain infection — eg 
injection of 810x10“ organisms, the highest dosage used, resulted 
m infection of 14 out of 19 mice This is eontrarj to the findings 
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of Ber (1933, 1936), who states that lie was able to secure infection 
■with 8 or 9 oiganisms It is difficult to account for tins discrepancy 
It is possible that the strains of Br. abortus used in our work were 
less vnulent than those used by Ber, but this is a point which 
would be difficult to establish with organisms which produce a 
cluonic type of disease The results of Feldman and Olson appear 
to be moie m accordance with those of the present work For 
instance, they obtained infection m 2S out of 34 mice with 0 25 c c 
of suspensions of Br abortus (bovine and porcine), comparable to 
tube 1 of the McFarland nephelometer This would appear to be 
approximately equivalent to 75,000 organisms (Kelser, 1933) 

Guinea-pigs were more susceptible to infection with our strains 
than were mice This w r as so clear-cut that the use of statistical 
methods for revealing differences became superfluous Forty-nme 
guinea-pigs injected with similar numbers of orgamsms w*erc 
examined and of these 46 or 93 88 per cent ivere found to be 
infected. As low a dosage as 28 to 280 organisms resulted in 
infection of 6 out of 9 guinea-pigs. 

With the strains used in our experiments no rapidly fatal 
prostrating disease was observed in mice even after the inoculation 
of massive doses. The most characteristic macroscopic finding 
post mortem was a very much enlarged and swollen spleen of a 
deep red colour. In a few animals there were large abscesses 
in the liver but, as Bi abortus could never be recovered from them, 
no significance w r as attached to their presence 

The antigenic response of mice to Br. abortus, as judged by the 
agglutination test, appears to be much less than that of guinea-pigs. 
This is m agieement with the experience of other workers 

Evidence w as obtained which showed the undesirability of mice 
replacing gumea-pigs for the isolation of Br abortus from naturally 
infected material Ten samples of milk were found on guinea-pig 
inoculation to contain Br abortus, whereas in mice inoculated w’ltli 
corresponding material, infection w r as diagnosed m only 3 of the 
samples and Br abortus was recovered from only a proportion of 
the mice m each case 

Summary . 

In a total of 213 mice injected with graded doses of Br abortus 
cultures ranging from 810x10° to 28 organisms, 130 or 63*90 
per cent were found to be infected The smallest number of 
organisms w hicli resulted in infection w ns 280 x 10 2 The highest dose 
used namely 810 x 10° organisms, did not result in infection of all 
the mice in this group. Forty-nine guinea-pigs injected with 
corresponding doses of cultures vere examined and of these 46 or 
93-S8 per cent w ere found to be infected As low* a dosage as 28-2S0 
organisms gave rise to infect mif in 0 out of 9 guinea-pigs 
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reviewing similar evidence, do not think “ there is yet any reason for reserving 
the term ‘ gravis ’ for one particular serological type of the organisms so 
named by McLeod ” 

Methods of preparation of antisera and agglutmable suspensions. 

Miss Orr-Ewing very courteously sent me her 4 type str ains A, B, C 
and D, labelled SAS (Leeds), T Douglas (Oxford), M D 13 (Poplar) and Wadi 
Atah (Khartoum) respectively. 

The technique described by Orr-Ewing of inoculating rabbits with 
cultures suspended in 2 per cent formol-saline and detoxicated for five days 
at 37° C was found satisfactory The initial dose was 500 million organisms, 
which was subsequently mcreased after 4-5 inoculations to 2500 million 
Higher doses were found to be unsuitable Suspensions were given intra- 
venously at five-day intervals, shortened to four days and three days towards 
the end of the course, and dosage was varied according to the weight and 
general condition of the rabbits Ten to fourteen injections were found 
necessary to bring the serum to a satisfactory titre of about 1 1600 

Considerable difficulty has been found by many observers in preparing 
stable suspensions of the grama type of O diphthei ice, but a modification of 
the method adopted by Orr-Ewing was found to be satisfactory. Cultures 
were grown on inspissated serum and this seemed to be important, as serum 
agar produced a very refractory suspension A 24-liour growth on a 4-mch 
plate was rubbed up with 2 c c of saline and scraped off with a bent gloss 
spreader, the resulting dense suspension bemg pipetted into glass bottles 
containing glass beads, heated at 58° C for one hour and then shaken 
200-300 times per minute for 15-30 minutes The suspension, which still 
contained some large particles, was pipetted into deop tubes of 0 9 per cent 
saline and allowed to sediment for at least one hour Sufficient of the 
homogenous upper layer was then transferred to smallor tubes of saline to 
make a suspension suitable for agglutination purposes This suspension 
was perfectly stable over the 24-48 -hour period required for agglutination 
tests 

Agglutination tests were put up m double dilutions from 1 50 to 1 6400 
and road after four hours m the water-bath (56° C ) and again after standing 
at room temperature overnight Results gcneially showed m tlio lower 
dilutions a coarse semi-fiocculent agglutination and in the higher a definite 
granulanty Control tubes remained unchanged 

Varieties of starch-fermenting strains 

Two varieties of starcli-fermentmg strains of C diphtheria 
were encountered These are called, for reasons given latei 
types A and B (1) 

Morphology Original cultures from tliroat swabs were grown 
on Loeffler slopes and the morphological features of the diphtheria 
bacilli found were recorded at the first examination These showed 
gieat variation Type A might be short, long, stout or slender, 
and showed barred and beaded appearances m about half the 
number examined , terminal granules might be marked, moderate 
or absent, but were generally poorly developed Very occasionally 
the organisms were regular and rather like G liofmanmi, but they 
generally showed some degree of pleomorphism and irregularity 
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15(1) type Agglutination ot the homologous oiganisms wav 
distinct mid eavilv read to i : loot) or 1 : ,5200. A slight degree oi 
truss agglutination at lower litres (1 : 100 to 1 : 400) was noticed 
TIiCvc eo-agglulmins could easily be absorbed without aflecting 
materially the original titre oi the sciiun but they mtetfered so 
little with the test that it was not found necessniv to do this as a 
routine. 

Type A (Newcastle) agglutinated to full title with an antiserum 
piepaied against Orr-Ew mg's A type and was otherwise similar, 
so that one may eonsidei the A type here deseiibed to be identical 
with the oiiirinai ipavis t\ pe of the Leeds workeis Type Ji ( l) 
stiains agglutinated to full title with an antiserum to Oir-Kwmg's 
Hpe 15 and tempi oca! absorption tests jnoved that they were 
serologically identical 'Ihe type 15 strain supplied by Miss On- 
Ewmg produced a typical tjrmis eolonv and showed pellicle forma- 
tion and a heavy granulm deposit in bioth , 1113 type 15(1) wns 
consistently distinct fiom it both moiphologicnily and cult 111 nll\’. 
These obscivations have led me to distinguish the Newcastle strain 
as 15 ( I ) 

StrolojiMl nlatwndup of ollur ihphihrrta ami tliphlhrroul 
(math In giavis t>(raitr> 

Fourteen ’ intermediate ’ t mihs and 11 atypical stiains of 
f ' (Itpfilhrrm as well as 4 stiains of C hofmnnmi and one sucrose- 
firmontmg chphtheioid were tested against the antisera prepared. 
No significant agglutination oetuired except with certain of the 
uty pic \I stiains 'ihesf showed typical daisy-head j/rco/i-hhe 
colonies and gavi pellicles and eoirse deposits in broth hut did not 
ferment starch, thev apjK*.ired to < orresjiond to Wright and 
Cluist ison's tv jk's IV and Vi Most of them wire ty |»e VI — 
mm-Mruh nt — and were not isolated from clinical diphtheria 
Such strains however, agglutinated nearly to full titre with Orr- 
Ewiug‘s»/r/m* tv i*’ D antiserum, but wet** not identical by* romproi ,vl 
absorption of agglutinins Hun absorbed all the* I) ngglutinm" 
from a I) antiserum, but a lvp<* I) strain absorbed only jurtidlv 
tin tvjn* VI (\\ right and Chnstison) agglutmuw from a typ \ I 
ante-cram 


I'livnl jirdtt ’/■> 

I:* ii'limri***- *<*<-. rv.d itt th* < two tvj** . uidmed ne 1,1 
ir«v» ** th* t *lan d import cm iM.nng tin* v* *r indue 
M »j- * !*>’' 1 . I "» > ’x* * oil* '*<1 mt'fi n*ut*m «' imu 1 * 

*10 t/ - !. f.a l* * <\»v ct* - N< at of tt he'h i !6 via rr>M 

- * » ' a *.* ** r.v *; > :■> *i! 1 *' J.-r t« *ug fr.**ti « rri’ 1 '' 1*11*! *>**>* 
. :r« > ,\ 5 s » . r>- t* - *, • ! - Uy. 1 f.n» i_ ,! i t* r «><ar?* y 
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B (1) type Agglutination of the homologous organisms was 
distinct and easily read to 1 1600 or 1 : 3200 A shght degree of 
cross agglutination at lower titres (1 100 to 1 400) was noticed 
These co-agglutimns could easily be absorbed without affecting 
materially the original titre of the serum, but they interfered so 
little with the test that it was not found necessary to do this as a 
routine 

Type A (Newcastle) agglutinated to full titre with an antiserum 
prepared against Orr-Ewmg’s A type and was otherwise sumlar, 
so that one may consider the A type here described to be identical 
with the original gravis type of the Leeds woikers Type B (1) 
strains agglutmated to full titre with an antiserum to Orr-Ewing’s 
type B, and reciprocal absorption tests proved that they were 
serologically identical The type B strain supphed by Miss On- 
Ewmg produced a typical gravis colony and showed pellicle forma- 
tion and a heavy granular deposit in broth , my type B (1) was 
consistently distinct from it both morphologically and culturally 
These observations have led me to distinguish the Newcastle strain 
as type B (1) 

Serological relationship of other diphtheria and diphtheroid 
bacilli to gravis strains 

Fourteen “ intermediate,” 4 mitis and 14 atypical strains of 
G diphtherial as well as 4 strams of C hofmannii and one sucrose- 
fermenting diphtheroid were tested against the antisera prepared 
No significant agglutination occurred except with certain of the 
atypical strains These showed typical daisy-head gravis-hke 
colonies and gave pelhcles and coarse deposits m broth but did not 
ferment starch , they appeared to correspond to Wright and 
Cliristison’s types IV and VI Most of them were type VI — 
lion-virulent — and were not isolated from clinical diphtheria 
Such strains, hou ever, agglutinated nearly to full titre with Orr- 
Ewmg’s gravis type D antiserum, but were not identical by reciprocal 
absorption of agglutinins They absorbed all the D agglutinins 
from a D antiserum, but a type D strain absorbed only partially 
the type VI (Wright and Christison) agglutinins from a type VI 
antiserum 


Clinical findings 

The diffeiences observed in these two types induced me to 
investigate their clinical importance During the yeai ending 
March 1935, about 150 strams were collected m the routme examina- 
tion of swabs for the City of Newcastle, of which 116 were from 
cases of diphtheria, the remainder being from earners and othei 
sources All were classified serologically Through the courtesy 
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viewpoint is also open to criticism , m Noil castle the typo B (1) 
strains associated with mild infcotions arc serologically identioal 
with, though otherwise distinct from, the type B strains wluoh m 
certain areas produco sovero infections (Robinson and Peeney) 
In my own observations, hou over, ono group of C diphtheria; 
mth the full biological characters of the Leeds grams typo slums 
a case mortality of 13 18 per cent while another group differing 
in colonj appearance fiom any of the recognised gravis types, 
though serologically identical with one ( gravis type B), slums a 
mortality of only 2 per cent That such strains are fairlj wide- 
spread is suggested by the foot that Wright and Cliristison mention 
tlirco strains of atypical starch-fermenters wluoh resembled their 
typo II (“ intermediate ”) Mair spealts of a group of barred 
staroli-fermenters, apparently akin to “intermediate,” which uero 
serologically identical with Leeds gravis , and one or two irregular 
starch-fermenters, mi/ts-like m culture, winch agglutinated to full 
titre until an antiserum prepared against Orr-Ewmg’s gravis, type B 
The necessity of eliminating all such atypical strains m the assess- 
ment of the epidemiological importance of McLeod’s gravis type is 
evident 

Summary 

Two distinct types of staroh-fermentmg diphtheria bacilli 
occurring in Non castle have been described They differed m 
morphology, m colonial appearance, particularly on chocolate 
tellurite medium, m growth in broth and in lnemolysis on horse 
blood plates One was serologically and culturally identical until 
the Leeds strain called gravis A by Orr-Eunng , the other was 
serologically identical with Orr-Ewmg’s gravis B strain, but was 
culturally distinct and most resembled “ intermediate ” strains 
It has been tentatively called B (1) Clinically A strains were 
responsible for a much more severe type of diphtheria than uero 
B (1) strains 

The observations recorded m this paper indicate that dependence 
on either colonial appearance, starch fermentation or serological 
typing alone is not sufficient for the diagnosis of the gravis group 
of diphtheria bacilli, and suggest that suoh a diagnosis should be 
made only when an organism shows the combined characters of 
coarse colony morphology, the formation of a pelkole and a granular 
deposit m broth, and starch fermentation 

The author wishes to thank Dr Charles, Modical Officer of Health for 
Nowcastle, for permission to publish the climcnl details included ill this 
paper 
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No cases of infection with type B (1) were found m immunised 
persons 

Discussion 

The classification of diphtheria bacilli is diffi cult owing to a 
confusion of terms, and comparison of various workers’ findings 
will on this account shortly be impossible Biologically McLeod’s 
original giavis type is probably approximately the same as Man’s 
(1936) non-barred starch fermenter and is identical with Wright 
and Christison’s type III serologically it is Orr-Ewing’s grams 
type A or Robertson and Peeney’s gravis type I As the latter 
workers suggest, serological types are often best represented by 
numbers To avoid subsequent confusion it would be advisable, 
however, not to classify by means of numbers untd the whole 
group of C diphtheria can be adequately divided on a serological 
basis For practical differentiation at the moment the terms 
gravis and mitis are very difficult to better, but considerable clinical 
confusion may arise if at any time in the future the relative seventy 
of infection due to these strains is altered or even reversed It seems 
likely fiom the observations in this paper that serological types are 
not necessarily uniform m their disease-producing activities, and 
consequently that the biological cntena established by McLeod are 
still of paramount importance The terms used by him have 
therefore been retamed here, together with (on the ground of pnonty) 
the serological groupings of Orr-Ewing , the type B (1) is so named 
merely for convenience of recognition and no permanence is desired 
It is suggested, however, that a much more satisfactory, if less 
expressive, nomenclature would be achieved by adopting letters 
for distinct biological groups and numbers for serological types, 
preferably within the whole group Thus biological variants of a 
distinct serological type could readily be distinguished by the 
serological numeral and the biological letter 

In any investigation into the epidemiological importance of 
particular strains of diphtheria bacilli, two methods are likely to 
be employed , the organisms may be classified on the cntena of 
the Leeds workers or on serological lines In the former, 
investigators may be tempted to place undue rehance on individual 
charactenstics such as starch fermentation (Menton, 1932 , 
Chnstison, 1933), or on roughness of colony morphology (Anderson 
et al , 1931) That such a procedure is open to grave objection is 
shown m the series of cases presented here where one group of 
starch-fermenting C diphtheria has produced very mild infections 
Further it has been shown by Wright and Chnstison that roughness 
of colony morphology is not necessarily associated either with 
starch fermentation or with clinical virulence, and my observations 
are in entire agreement. Investigation from a purely serological 
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halved the concontiation of sodium sulphito Tins modification 
is what is referred to throughout this paper ns " modified Wilson 
and Blair medium ” 

Sad paratyphosum B grew as a rulo within 18 hours, jioldmg 
black colonies 2-3 mm m dinmotoi, flat, glistening and smooth, 
surrounded by a brown-black halo £ in in diameter showing the 
characteristic metallic sheen The growth of Bad coh and other 
fiscal organisms was moro or less inhibited, bub oven when the 
platos wero overcrowded with colonies of other organisms it has 
always been possible to detoot at once tho paintyphoid colonies 
and to obtain thorn in pure culture Later it was found that, 
by leduoing tho concentration of anhydrous sodium sulphite to 
0 5 per cent , tho growth of Bad coh was completely inhibited, 
whereas that of Bad paratyphosum B was unimpaired With 
Bad typhosum, however, our results varied with diffluent batches 
of tho modium and w e never obtained the same constancy of results 
as with Bad paratyphosum B For some unknown reason the 
same strain of Bad typhosum would grow differently not only on 
batches of medium prepared with two different stook mixtures 
but even on batolies made up with tho same stock mixture Wo 
were therefore obliged to investigate the role and importance of 
each of the constituents of the modium as regards growth, seleotivitv 
and blaokenmg 

The role of the various ingredients of Wilson and 
Blair's medium 

This was investigated by incorporating tlio various ingredients, 
alone or in combination, in nutrient agar prepared according to 
Wnght’s method (Wright, 1933, 1934), allowing plates thereof to 
cool and dry and mooulating the surface with a loopful of a suspension 
of baotena so adjusted os to give a oountable number of colonies 
on a control agar plate and oomparmg the results on the test media 
with suitable controls as regards number, size and differentiation 
of colomes The bacterial suspensions wero made up in a fluid 
containing 0 85 per cent Nad, 0 15 per cent Na^HPO^ and 0 1 per 
cent gelatine Experiments were made with a number of strains 
of Bad typhosum , Bad paratyphosum B and Bad coh 

Sodium sulphite Up to a concentration of 1 5 per cent in 
nutrient agar, anhydrous sodium sulphite alone had no inhibitory 
notion on the organisms tested With a concentration of 2 per cent 
the size of the oolomes was reduced but this reduction was equally 
marked with all 

Qlucose Without glucose Bad typhosum and Bad para- 
typhosum B were unable to produce H 2 S from sodium sulphito 
It was also observed that blackening did not readily occur in media 
in whioh large amounts of acid were produced 
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(p 370) to bo to “ absorb the acids produced m (ho fermentation of glucoso 
and cnsuio the blackening of the colony -with non sulphide” It would 
appeal that thoj belie\cd that the black pigment produced was iron sulphide 
and that the bismuth acted ns a select tvn agent m conjunction with sodium 
sulphite Brilliant, green was added because it enhnneed the sclcctnity of 
tho medium In 1028 Wilson rccoided the isolation of Butt, typhosum on 
Mich a medium from sen ago and shellfish. In 1031 Wilson and Blair 
di -tubed three Mindies of media Of these, one contains bismuth, sulphite, 
glucose phosphate and iron and the othei the same ingredients with tho 
addition of hulliant green Die -o two media are known ns 11 Old standard 
medium ” and the concentrations of the* lngieelienls me identical with those 
u ported m 11)33 (Wilson, 1033) and gi\on m detail helow They found that 
it was po-uble to obtain black suifnci* colonies of Bad typhosum on a medium 
liec fioin non Tins new* medium thej called “ Xow standard bismuth 
sulphite bullinnt green medium ” It is an important fcatuie of tins modifica- 
tion that, with the exception of brilliant gie-cn, the> concent ratioas of tho 
incie*ehents weit* half those* of tin* old standard medium They made tho 
•eery impoitant stnteirx nt that Bud paratyphosinn B grew much bettor 
when the amount of sulphite* used was three-fifths of flint recommended for 
the typhoid bacillus 

In 1033 Wilson introduced the uso of bismuth ammonio citrate scales 
instead of licjuoi bi-mutln et nmmonn citratis, wlucli considerably simplified 
pi epm ation The method w Inch lie finnllj arrived at is the following (p 561) . 

“ Dissoh e (5 grams bismulh-nmmomo-citrnto scales m 50 c cm boiling 
distilled water, and neutinh/o by tho addition of about 2 c cm of 10 per cent 
caustic socln Mis. with n solution obtained by boiling 20 grams sodium 
sulphite nnhjdious m 100 com of water, nnel then, wlnlo tho mtxtuie is 
boiling, nclcl 10 grams of sodium phosphnto nnlijdrous To the sulplnto- 
bismuth-phosplmte mixtuio, when cool, add a solution of glucoso obfnmccl 
by dis*=ol\ ing 10 groins of commercial glucose* m 60 c.cm of boiling distilled 
water. For preparation of old standard medium, add to 100 c cm of a hot 
melted 3 pci cent nutrient ngnr 20 ccra of stock mixture, then 1 com 
of an 8 per cent solution of ferrous sulphate crystals m water, and 0 5 c cm 
of n 1 per cent, solution of bullinnt green in distilled water pour into Potri 
dishes, and when tho medium lias sot moculnto tho surface ” 

In this medium tho concentrations of tho ingredients in 100 c c are 
approximately as follows 


Bismuth nmmonio-citrato 0 C g 

Anhydrous sodium sulphite . . 2 0 g 

Anhydrous sodium phosphate (Xn 2 HP0 4 ) . 1 0 g 

Glucose - . 1 0 g. 

Ferrous sulphate . 0 08 g 


Tho final conccntiation of hulliant green is 1 . 20,000 In our hands the 
xeaction has usually been pH 8 1-8 2 


During an epidemic of paratyphoid B fever winch broke out in 
Liverpool at the beginning of January 1937 we used with great 
success a modification of Wilson and Blair’s medium for the isolation 
of Bad paratyphosum B from the faeces Following the suggestion 
of Wilson and Blair (1931) we replaced the anhydrous sodium sulphite 
by the crystalline salt Since the molecular weight of anhydrous 
sulphite is 126 and that of the crystalline form 252, w*e simply 
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jiroduced bj this concentration of bismuth ammomo oitrato either 
alone or in combination -with sodium sulplute Mas not specially 
directed ton irds Bad colt 

Our experiments indicate that the blaolvoiung of tho medium 
and of the colonics with Bad typhosum and Bad paralypJiosum B 
is nminlj dependent on the presence of bismuth When plates of 
modified Wilson and Blau medium from wluck bismuth ammomo- 
citrate was excluded were inoculated with Bad typhosum or Bad 
paratyphosim B, sulphide was produced m great amount, easily 
detected b\ lead acetato papors, but the colonies either remained 
white or showed a grey central spot As iron was present m the 
usual concentration it sccins evident that it is not responsible for 
tho blackening That it lias nothing to do with the blaokening is 
more difficult to prove, for, wlion ferrous sulphate is not incorporated 
in the medium, both oigamstns fail to grow 

Two experiments, however, enabled 11s to show boyond doubt 
that iron is not necessary for tlio blackening and that the black 
pigment produced is a bismuth compound 

Experiment I Two plntcs of modified Wilson and Blair medium from 
winch ferrous sulphato and brilliant green wore excluded wore inoculated 
with Bad paralyphoswn B Ten minutes later a lajer of tho same medium 
cooled down to 45° C was poured ovor ono of tho plates (plate A), whereas 
tho other was co\crcd with a lajor of nutrient agar (plate B) As controls 
a pinto of the same bismuth medium (plate C) and ono of nutrient agar 
(plate D) were similarly inoculated but were not covered with a second layer 
No iron was nddod to nnj of the plates After 20 hours' incubation, colonies 
could bo soon in tlio dopth of plato B (bismuth medium covered with ngar) 
and at tho surface of plato D (nutrient agar) There was no growth on either 
A or 0 After 30 hours tlioro was still no growth on A and C, whereas a 
deep brown lmlo had dovolopcd round a groat number of tho colonies m B 
When tlio two layers of this medium wore separated, tho colonics had a 
tendency to stick to tho nutnent agar, leaving a small pit m the Wilson and 
Blair layor Round this tmy pit a typical halo could bo seen, showing that 
although tho colonics developed in the agar layer tho halo was actually in 
tho bismuth medium and as this contained no added iron tho blackening 
was presumably due to tho action of sulphide on. tho bismuth 

Experiment II Two plates A and B wore divided across ono chamotcr 
by ft vertical partition Modified Wilson and Blair medium without iron 
and brilliant green was poured in sido “ a ” of both plates Tho medium 
was allowed to set and the partitions were romo\ ed Side ‘ b ** of plato A 
was filled with modified Wilson and Blair medium from which bismuth 
and brilliant green were excluded, sido “ b ” of plato B with the same medium 
from which bismuth iron and brilliant green were excluded Side ** b ” 
of each plate was inoculated with Bad paratyphosunt B along a line parallel 
to the partition and at a distance of half on inch from it After incubation 
for 18 20 hours tho colonies which had developed were white, both in tlio 
plate which contained iron and in the one which did not, bismuth being 
absent from both, whereas the umnoculatod sides (a) of both plates showed the 
characteristic blackening As the umnoculatod sides contained bismuth but 
no iron it is clear that the blaokening was duo to the action upon the bismuth 
of sulphide which had diffused from the inoculated side of the medium 
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Bismuth ammomo-citrate (scales, BDH) On nutrient agar 
containing tins salt in a concentration of 0*6 per cent (pH 7 1), 
Bad typhosum produced pin-point colonies while the colonies of 
Bad paratyphosum B and Bad coli did not exceed 1 mm. m 
diameter Adjusting the pH to 7*8 did not affect the result. 
When caustic soda was added by the same technique and in the 
same concentration as for the preparation of the stock mixture, 
the reaction of the medium was pH 7 3 and the result unaltered 
Again adjusting the pH to 7 7 was without effect 

The shght inhibitory effect of tins concentration of the bismuth 
salt (either with or without NaOH) was considerably enhanced by 
the addition of 1 per cent anhydrous sodium sulphite Small 
mocula (30-50 organisms) of Bad typhosum and Bad para- 
typhosum B failed entirely to grow in 48 hours and Bad coh was 
considerably delayed When 0 08 per cent ferrous sulphate was 
added all three organisms grew well, the paratyphoid B bacilli 
and Bad coh within 18 hours and the typhoid bacilli within 22 
We are unable to define the nature of this inhibition, but there is 
httle doubt that it is due to some soluble form of bismuth 

Six g of bismuth ammomo-citrate were dissolved in 50 cc of 
boiling distilled water and 1 c c of 20 per cent NaOH added 
mimediately A white precipitate formed and the mixture was 
allowed to cool Ten g of anhydious sodium sulphite were dissolved 
m 100 c c of boiling distilled water, cooled and then added to the 
bismuth preparation The precipitate dissolved, but on heating, 
a fresh heavy white precipitate formed and lapidly deposited, 
leaving a clear supernatant fluid This fluid contains a very small 
amount of bismuth, most piobably in solution In agar media the 
supernatant fluid showed practically the same inhibitory properties 
after incubation for 24 horns at 37° C as the mixture of precipitate 
and supernatant and m each case the inhibition was abolished by 
the addition of ferrous sulphate (0 08 per cent ) 

In another experiment 4 5 c c of the mixture of precipitate 
and supernatant fluid were added to each of a series of flasks 
contauimg 30 c c of nutrient agar The contents of each flask 
were poured into a Petri dish and the medium allowed to set 
Ten c c of melted nutrient agar were then poured on top of the 
first layer and allowed to set The plates were stored in the dar v 
for 24-48 hours and then inoculated with Bad typhosum, Bad 
paratyphosum B and Bad coh and incubated Another series o 
plates each containing 40 c c of nutrient agai and 4 5 c c of t ie 
mixture but without any covering layer of nutrient agar were 
stoied and inoculated m the same way Both sets of media showe ^ 
the same marked inhibitory effect, from which it appears necessarj 
to conclude that the inhibitory factor is a soluble substance, ab e 
to diffuse through a certain thickness of agar The inhibition 




186 


F. TABET 


Ferrous sulphate Roughly speaking when no iron is added 
neither Bad typhosum nor Bad paratyphosum B will grow either 
on bismuth-sulphite agar or on the finished Wilson and Blair 
medium Nor could we find that it contributed any thing to the 
selectivity of the medium It is not responsible for the blackening 
which occurs but, as indicated in the previous section, it does 
enable the organisms of the typhoid-paratyphoid group to grow 
on a medium which contains inhibitory concentrations of the 
bismuth-sulphite mixture 

Brilliant green Our experiments indicate that Wilson and 
Blair’s medium owes its selectivity to brilliant green About 
100-200 organisms of each of 4 strains of Bad typhosum, 5 strams 
of Bad paratyphosum B and 10 strains of faecal Bad c oh were 
inoculated on the six following media 

(a) Old standard medium 

(b) Old standard mediu m without brilliant green 

(c) Old standard medium without ferrous sulphate and brilliant 

green 

(d) Modified Wilson and Blair medium 

(e) Modified Wilson and Blair medium without brilliant green 

(/) Modified Wilson and Blair medium without ferrous sulphate 

and brilliant green. 

On media (c) and (/), to which no iron nor brilliant green was 
added, all the strains of Bad typhosum and Bad paratyphosum B 
failed to grow even after 93 hours’ incubation Bad coli grew as 
a rule but its growth was considerably delayed 

On media ( b ) and (e), which contamed ferrous sulphate but no 
brilliant green, there was in general more growth, but they still 
showed some inhibition as compared with the agar controls On 
medium ( b ) 9 out of 10 strains of Bad coli gave well defined colonies 
m 24 hours, the tenth being inhibited , one strain of Bad typhosum 
grew well m 24 hours, 3 others being delayed till 30 hours , all 
5 strams of Bad paratyphosum B required 36 hours’ incubation 
On medium (e) none of the strains of Bad coli were inhibited and 
the typhoid bacilli grew as on medium (6), but all the strains of 
Bad paratyphosum B were fully grown in 18 hours Thus neither 
on the old standard medium nor on the modification which we have 
adopted was there any evidence of selectivity m the absence of 
brilliant green 

With the media which contamed brilliant green, (a) and (»)> 
the picture was quite different On the original Wilson and Blair 
medium (a) all the strams of Bad coli tested failed to grow m 
23 hours, but 7 out of 10 appeared m 36 hours , none of the typhoid 
strams appeared m 24 hours, one was well developed m 28 hours 
and the others m 36 hours, but 2 showed diminution m the number 
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of colonies as compared with the control and behaved irregularly 
on different batches , the paratyphoid B strains showed no growth 
until after 4D hours Medium (d), containing half the amount of 
sodium sulphite present m (a), yielded small colonies of Bad coli 
in 18 hours while the paratyphoid oultures were well developed m 
tlus tune and the typhoid strains behaved much as on medium A 
Wlnle, therefore, tins medium was satisfactory for paratyphoid B, 
which it permitted to develop in full as blaok colomes with a black halo 
at a time when Bad coli was still absent or its colomes small, it was 
of little value for the typhoid bacillus, which was not well developed 
until many of the strains of Bad coli were also well grown 
These results have also been confirmed by field observations on feces 
Effect of varying the concentration of bismuth ammomo-citrate 
and of sodium sulphite The experiments described above seemed 
to us to indicate that the selective nature of the Wilson and Blair 
medium and its modification was entirely due to the brilliant 
green It seemed possible, how ever, that by varying the concentra- 
tion of the bismuth anunomo-citrate and the sodium sulphite we 
might find a medium which would exhibit more selective properties 
and on which Bad lyphosum would grow more quickly To that 
end two block experiments were carried out with media m which 
the concentrations of sodium phosphate, glucose and ferrous 
sulphate were kept constant while those of bismuth ammomo- 
oitrate and sodium sulphite were varied, the bismuth salt up to 
1 2 per cent and the sodium sulphite up to 2 per cent Twenty-five 
media were thus prepared (table) In one experiment brilliant 


Table 

Concentration of bismuth ammonia oitratc and sodium sulphite 
and pH of 2S media used 


Anhydrous sodium 
Bulrldte 
(per cent ) 

Bismuth anunoulo-eltrato (per cent ) 

00 

03 

0 0 

09 

12. 

0 0 

A 8 0* 

F 78 

K 7 7 

P 7 7 

U 70 

0 5 

B 8 0 

G 7 0 

L 7 0 

Q 7 8 

V 7 8 

1 0 

C 8 1 

H 8 0 

M 8 0 

R 7 D 

W 7 9 

1 5 

D 82 

I 1 8 

X 8 l 

S 8 0 

X 8 0 

2 0 

E 8 2 

J 8 1 

O 8 1 

T 8 0 

Y 8 0 


* Numbers indicate tho pH letters give reference Identification's as mod in the text 


gieen was added m a concentration of 1 20,000, in tho other it was 
omitted Plates wore implanted with small mocula of two strains 
of Bad typhosum, one strain of Bad paratyphosum B and one 
of Bad coli and examined after 18, 23 and 37 hours 

Experiment I Tho results on media without brilliant green 
may be summonsed as follows 

In the ahsenoo of sodium sulphite (media A, F, K, P, U), no 











inlubiioiy ellcet was daunted. All 1 stums gtcw as well as 
on control agar, without am blackening oil hoi on 01 lound I 1 m* 
colonies 

When tho bismuth salt was excluded (moth i A, 15, ('. f) K), 
all 1 strains gieu but tho si/o of tho colonies betaine smalloi when 
the com out i at ion of sodium sulphite was 2 pei oont. 

When hnlh bismuth ammonm oitiato and sodium sulphite won* 
piospnt. dilfoiont degiets of inhibition woio mot with, hut is a 
I ult* Bad coh grow hottoi than oithci Urn I h/plmwin t»i Had 
pnuihiphonm It Medium Y (tomaimng 1*2 pet tout of bismuth 
ammoniO'Citute ami 2 por oont. of XmX0 3 ), how u or. shown! a 
oort.vin selectivity m that Bad r»h did not grow in loss than 
.10 hnuis and o\en nftoi .17 houis* tnoiihntiou the tolomcs wore 
smallei than those of tho two typhoid stunts, wlmh wire t\pi<al 
at tin end of III houis imuhatton Unit, paratypho-<iim II uiew 
bndlj on medium Y and host on medium i. (bismuth s-dt #Mi per 
cent , sulphite 0 5 poi cent ) Im tensing the oonoeiitration of the 
bismuth salt and the sulphite made tho medium worse for the 
paratyphoid and colon hnolli hut hail loss ofieef on the gum t It of 
Bail h/pho’tum, though its growth was stdl rathoi slow. 

It seemed possible that further increase m the < onoont ration 
of the salts in tpiostmn might piodtue an iven moio scleitne 
medium for t\phmd The use of l a por tout of bismuth ammonio- 
eitinte and .‘1 pet oont ol sodium sulphite piomiscd to pimide the 
desned icsidt. hut luithu exponent e witli a \ auot \ of sttain* 8 
gUAC icsults wlmh woio too inegulni to he of am* value ft is of 
some interest that, wheieas we lane found that Bad parah/phosinn It 
is m genet al a hnulici organism and more resistant to inhibitory 
influent os than Unci typhosum . m this particular instance the tevei«e 
is tine 

Exponmont II Tho icsults in tho expoument in winch bullwut 
gieen was meoijioiatcd m tlio media at a concent i at ion of 1 : 20,000 
w ei e ns follow s 

On media A, F, K. 1\ U (increasing concenlintions of bismuth) 
Bad Ujpliosam and Bad coh did not glow at all. but Bad para- 
lyphontm B grew* as ell on media A, F and K, badly on medium P 
and not at all on medium U 'Plus indicates that bnllmnt giccn 
is less inhibit oi v for Bad parah/photum B than for the other two 
oignmsms and its cflcct is mcicnscd in tlio presence of the higher 
bismuth concentrations 

Of the media containing no bismuth but increasing amounts 
of sulphite, only Bad parahjphosum B grew on B. sslule on C, 
D and E all thiec types flemished, fiom which it would appear that 
sochum sulphite deciensos the bacteriostatic action of bullinnt 
green 

On tho other media of the senes, which contained both bismuth 
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and sulphite in varying proportions, Bact paratyphosum B was 
well developed within 18 hours on media 6, H, L and M In the 
same time Bact coli was fully grown on 6 and H, much less fulh 
on M and not at all on L Medium M corresponds to the modified 
Wilson and Blair medium as defined previously On I, J, N, R 
and V the paratyphoid bacillus grew poorly in 18 hours and on 0 
(the original Wilson and Blair medium), S, T, W, X and Y no growth 
occurred m this time On many of these media it produced 
characteristic colonies after longer incubation On none of them 
was the growth of the typhoid bacillus characteristic until after 
more than 24 hours’ incubation At 36 hours the growth was 
typical and equivalent to that on the oontrols on H, I, M and N 
Media M and N gave less growth of Bact coli at this time than did 
H and I Media G, J, 0, R, S, W and X gave fair growth, but 
T and Y only very little Bact coli did not grow m 36 hours on 
Q, R, S, T, Y, W, X or Y, grow poorly on L, M, N and 0 and freely 
on G, H, I and J 

It thus appeared that brilliant green did confer selectivity on 
the medium, that medium L was a satisfactory one for earlv 
isolation of paratyphoid bacilli but that none of the senes was 
suitable for the early isolation of the typhoid bacillus Strains 
showed considerable variation in their behaviour Media M and X 
permitted isolation of some strains at 24 hours but others failed to 
appear until later nnd were not quantitatively recovered It 
remained to consider the concentration of phosphate 

Sodium phosphate (Na s HPO,) In Wilson and Blair’s medium 
the concentration of this salt is 1 per cent We have found that 
even 2 per cent does not produce any inhibition of the coh-typlioid 
group in ordinary agar In the course of some experiments until 
a particularly delicate and troublesome strain of Bact typhosum 
ue made an observation whioh suggested that reduction of the 
phosphate might be advantageous Four batohes of tlio modified 
Wilson and Blair medium were prepared, one without addition of 
sodium phosphate and the other three with 0 25, 0 C and 1 per cent 
of that salt respectively These were inoculated with measured 
small macula of a delicate and a relatively resistant strain of Bact 
typhosum and a delicate and a resistant strain of Bact coli Without 
phosphate no blackening occurred or else it was minimal, varying 
with the batch of agar used and, as ue think probable, with its 
phosphate content The most satisfactory concentration proved 
to be 0 25 per cent On the medium contaming tins amount the 
resistant typhoid strain u as fully developed and typical in 18 hours, 
the delicate strum in 22 hours , the strains of Bad col i appeared 
m 22 hours as tiny colourless colomes ulueh could very easily be 
distinguished These results we confirmed m experiments with 
10 strains of Bact typhosum and 10 strains of Bact coli The 



inhibitory client was detected AH 4 Mr, mis grew as well as 
on control agar, without any blackening either on or round the 
colonics. 

When the bismuth salt was exvhuhd (media A. li (! 1> 1*3), 
all i ‘•trams grew* but the si?e of the colonies berame Mnnllri when 
tho < nm enlr.it ion of sodium sulphite wn*» 2 jicr cent 

When both bismuth uinmonio-utr.ite and sodium -uilplnt* were 
piesctit different degrees of inhibition were met with Inn as a 
rule Bad colt gicw bettm than « it lit i Bad ti/phtr-ut/i oi Iind. 
parub/plmwn B Medium V (containing 1 2 jvricnt of hisiuulh 
ammomo-emale and 2 pn »ent of X« ; S0 3 ), hovuver showed i 
etrtmn selectivity m tlmt Bad colt did not grow m !»**>. than 
SO hours and own after ."7 horns* mtuh.ition the tojoniOs wore 
stnalhr than those of the two Uphold M tains, which wire typical 
at the end of 34 hours’ incubation Bari primly pha* inn 11 gnw 
badly on medium V and beM on medium L (bismuth v dt 0 0 ]>or 
lent , sulphite ()>."» per eent.) lucre wing the eonieuttattoti of the 
bismuth Kilt and the sulphite made the medium wop-e for the 
paratyphoid and (olon bacilli but had less effect on the growth of 
Bad It/phnstnn, though its growth was still tntlier slow. 

It scorned possible that futthcr nuieasi m the content rat urn 
of the suits m (juestum might ptoditio an nm more selective 
medium foi typhoid 'I'he u*e of I *."> jvi vent ofhismutlt ummonio- 
citi.ite and 3 pei vent ol sodium sulphite promised to provide the 
desired iesult, hut futthcr e\peiieme with a uuiety of strains 
gave icsults which weie too iriegular to he of am vnlue It is of 
some mtoiost that . w heteas wc have found that Bad parati/plmmn B 
is in general a haulier organism and nmie resistant to inhibitory 
lnflneiu es than Bad lypho'nnn , in tins partu ular instance the levowe 
is tine 

Exponmont II 'Pile icsults m the experiment m vvhti h hulbant 
green was mtoipor.vted in the media at a concentration of I 20.000 
w ere as follow s 

On media A F K. I\ U (increasing concentrations of hisinutli) 
Bad Ujphtmtm and Bad colt did not giow at all, hut Bad para - 
itfpltosum B gicw well on media A, F and K, badly on medium P 
and not at all on medium U This indicates that brilliant giccn 
is less inhibitory for Bad parah/pltosum B than foi the other two 
oigamwns and its eflect is ineronsed m tho presence of the lnghei 
bismuth oonccntiatmns 

Of the media containing no bismuth but increasing amounts 
of sulphite, only Bad paralyphosum B glow on B while on C 
D and E all tluce types flouuslied, from which it would appeal that 
sodium sulphite dccieases the bactenostatic action of biilhant 
green 

On the other media of the senes, which contained both bismuth 
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medium was also found to be very satisfactory for the paratyphoid B 
bacilli although the blackening was perhaps less intense than on 
our usual medium The explanation of the harmful effect of excess 
of phosphate seems to us to he m the interaction between sodnun 
phosphate and ferrous sulphate We have seen that, in order 
to obtain growth on bismuth-sulphite agar, the addition of iron 
■was necessary If to this bismuth-sulphite-ferrous sulphate agar 
1 per cent of sodium phosphate is added the medium becomes too 
mlhbitory for some strains of Bad iyphosum Tlus drawback 
could be overcome by mcreasmg the amount of iron It seems 
that an optimal ratio lron/phospkate is desirable to ensure good 
growth That is to say, more iron should be added to the medium 
if the concentration of phosphate is to be kept at 1 per cent , or, 
if the concentration of iron is not to be raised above 0 08 per cent , 
the amount of phosphate should be decreased We have adopted 
the lattei alternative as excess of iron gives to the medium a soft 
consistency In its effect on the blackening of the medium sodium 
phosphate apparently acts as a buffer It seems that, below a 
certain pH, Bad typhosum and Bad paratyphosum B are unable 
to reduce sulphites to sulphides We found that the production 
of sulphide, as judged by colonial appearance and tests with lead 
acetate paper, was more intense and lasted longer m those plates 
where the concentration of phosphate was high What we have 
to aim at is a concentration which favours both blackening and 
growth and tlus seems to be best provided at 0 35 per cent 

Discussion 

In all investigations of this sort it is important to bear m mind 
that, just as there are differences between groups of bacteria m 
relation to their susceptibility to growth inhibition, so theie may 
be differences between individual members of a group This has 
been forcibly brought to our notice m testing different strains of 
Bad. Iyphosum and Bad colt though it has been less evident with 
paratyphoid bacilli We have attempted to eliminate tins land of 
complication by testing a variety of strains of varying susceptibility 
and by a limited application of our conclusions to routme woik 
by the use of a medium devised in accordance with our experience 
We are, however, alive to the possibility that there may be still 
more fastidious Btrains of typhoid bacilli and more resistant strains 
of Bacf coli than those we have used, to winch these conclusions 
may not apply 

It would appear that none of the ingredients recommended by 
Wilson and Blair may be omitted without impairing the medium 
If, however, a medium is to be constructed which is equally suitable 
for typhoid and paratyphoid bacilli and sufficiently selective and 
differential, the proportions of these ingredients require some 
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Summary 

1 The selectivity of Wilson and Blair’s medium is largely 
dependent on the use of brilliant green In relatively high 
concentrations bismuth ammonio-citrate and sodium sulphite 
show slight selective action for Bad typhosum 

2 The characteristic blackening is due to formation of bismuth 
sulphide Tins does not occur in the absence of glucose and is 
aided by ferrous sulphate, which affects the amount of growth, 
and by phosphates, which buffer the medium 

3 Excess of sodium sulphite interferes with the growth of 
Bad paratypliosum B and excess of sodium phosphate with that 
of some strains of Bad typhosum 

4 A medium is described which embodies these findings and is 
equally suitable for the cultivation of typhoid and paratyphoid B 
bacilli 

It is a pleasure to acknowledge the kind assistance of Professor W J 
Wilson, who placed at my disposal some of his own stock solution and 
completed medium for comparison with our own and gave valuable advice 
on certain points, and also of Professor H D Wright and Dr V. Glass 
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Appendix 

Preparation of the medium 

Stool- mixture. 1 Label 3 sterile flasks A, B and C and place m flask A 
6 g bismuth ammonio-citrate (scales, B D.H ), in flask B, 10 g sodium 
sulphite anhjdrou®, m flask C 10 g glucose 

2 To flask A add 50 cc boiling distilled water and shnke until the 
bismuth ammonio-citrate is dissolved add Ice 5N NaOH, mix noil and 
allow to cool To flask B add 100 c c boiling distilled water and allow to 
cool. To flask C add 50 c c cold distilled water • boil 1 minute and allow to 
cool 

3 Mix the contents of flasks A and B, add 3 3 g sodium phosphate 
mihjdrous (Nn-HPO,), bring to the boll, maintain at this point about 
30 seconds and allow to cool • odd the contents of flask C Thi? stock 
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A TERATOMA OF A HORSE’S TESTIS. 

Rupert A Willis 

From the Baker Institute of Medical Research, Alfred Hospital, and the 
Department of Pathology, University of Melbourne, Australia 

On gelding a horse between eighteen months and two years old, it was 
found that while ono testis was normal, the other was decidedly onlaiged 

Incision of the enlarged testis disclosed 
within it a cyst 3 5 cm in diameter 
containing clear fluid and into which 
projected a smooth hard mound of 
tissue 2 5 cm in vertical length, 1 7 cm 
wide and 1 3 cm in maximum thickness 
Testicular tissue surrounded the cyst wall 
and the base of the solid eminence on all 
sides (fig 1) The mass and adjacent parts 

of the cyst wall were cut at right angles 
to the long axis of the mass into 5 slices 
each 5 mm thick, from which micro- 
scopical sections were prepared 

Figs 2 and 3 represent 2 of the 5 
section planes and show all the com- 
ponent tissues of the teratoma All these 
were fully mature in type The mam 
cyst was lined everywhere by a layer of 
Fig 1 —Diagram of a cross section neuroglial tissue which m places showed 
of the testis E, epididymis , T, a distinct ependymal surface The solid 
testis. Ter, teratoma with cyst mass of tissue contained the following 
and mass of solid tissue Natural components : (a) patches of neuroglial 
size tissue, some at least of which were 

continuous with that clothmg the surface 
of the mass ; ( b ) irregular clefts lmcd by choroid plexus and communicating 
at some points with the cavity of the mam cyst , (c) some small norves , 
(d) a cyst (X) lined by a \ cry thin layei of stratified but non-keratinismg 
epithelium which was pigmented m places ; (c) nodules of cartilage , If) 
adipose and connective tissue and a few small blood vessels The growth 
was fairly well demarcated from the surrounding testis but not separated 
from it by a capsule. 

Comment. 

Teratomas of the horso’s testis arc well known, and tho object of tlus report 
is not merely to record another example of the disease but also to dran 
attention to certain structural features which resemble those seen in human 
teratoma-. 
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In a previous paper (Willis, 1937) I decried fcho uso of the name “ dermoid ** 
as applied to borngn cystio teratomas, all of winch contain other tissues 
besides skin and in some of which oven tho main cyst is not skin lined In 
tlio present specimen, as m nos XI, XTV and XXI of my previous papers 
(1935, 1937), tho main cyst was lined by nervous tissue and there is no 
doubt that its watery content was secreted by choroid plexus and was of 
tho nature of cerebrospinal fluid In this connection, it is noteworthy that 
of tho teratomas so far examined only those which contained choroid plexus, 
namelj nos XI, XII XIII, XIV, XXI, XXIV and XXVDI of my previous 
studies and the specimen just described, showed ependyma lined cavities 




Fias 2 and 3 — Diagrams of two sections of tho teratoma Hatchod areas N X, 
central nervous tissue, CO, clefts lined by choroid plexus Dottocl lines 
denote ner\ es, black areas cartilage, and wido stippling adipose and connoctiv e 
tissue X, epithelial cyst T T, testis X 2 

in their masses of nervous tissue It appears clear then that these cavities 
must result from the secretory activity of tho choroid ploxas tissue 

Another notoworthy feature well seen m figs 2 and 3 is the association 
of nervous tissue and cartilage, a feature which was observed frequently 
in my senes of human teratomas In tho present growth besides connective 
tissues and tho epithelium of tho cyst X, nervous tissues and cartilage nro 
the only components , other tissues which are commonly accompanied by 
cartilage or bone, such ns teeth or respiratory epithelium, aro not present 
The specimen thus affords additional ev idence for tho bohef that dov eloping 
nervous tissue can induce cartilage formation m adjacent mesenchyme 

Finally, the diagrams show clcarlj enough tho absence of fcetiformity 
m tho teratoma 
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Summary 

A benign teratoma of a horse’s testis is described It exhibited some 
noteworthy structural features similar to those of human teratomas, namely 
non-foetiformity, close association of nervous tissue and cartilage, and the 
presence of a large ependyma-lined cavity in the nervous tissue containing 
fluid secreted by choroid plexus 


I am indebted to Dr H B Rudduck of Melbourne who kindly gave me 
this specimen. 
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A STAINING METHOD FOR BONE MARROW FILMS WET 
FIXATION WITH LEISHMAN’S FLUID AND STAINING IN A 
SOLUTION OF ELECTRICALLY CONTROLLED pH* 

Paul Browning. 

From the Pathology Department, University and 
Western Infirmary, Glasgow. 

The following method lias boon devised in order to overcomo some of 
the difficulties in obtaining satisfactory Romanowsky-stainod smears of 
bone marrow It lias two essential points (1) the film, before drying 
has occurred, is fixed with undiluted Leisliman’s solution — the alcoholic 
stain when used as the fixative appears to have a mordant-hke action on the 
cells, for it was found that sharper staining was obtained afterwards than 
when methyl alcohol or any other fixative was used , (2) during staining in 
the diluted solution a direct electric current is allowed to flow through the 
staining bath, so that the film is subjected m its different parts to a graded 
pH By this means it is possible to prepare films with a very small quantity 
of marrow, as from a mouse, and the application to human sternal puncture 
biopsy material is apparent The extremely clear granular and nuclear 
differentiation of the various constituents is a feature The method is 
equally applicable to human marrow and to that from the ordinary laboratory 
animals — guinea-pig, rabbit, mouse Also the varying pH of marrow 
obtained post mortem and other factors which may influence the optimum 
reaction at which staining occurs need not bo taken mto account, so that 
the treatment of a considerable number of smears with buffered solutions 
of different pH can be obviated Sometimes partial lysis of the red corpuscles 
occurs The circumstances determining this have not been fully ascertained, 
but pathological conditions of the marrow or post-mortem changes appear 
to bo a factor Other constituents of the marrow aro not affected 

Spreading and fixation of the film The film is spread over tho middle 
two-thirds of a slide, either with a second slide, as in the making of a blood 
film, if the marrow is sufficiently fluid, or better by drawing a piece of tissuo 
along the slide The film is immediately flooded with Leisliman’s solution 
before there has bVcn time for drjing Fixation is allowed to take place 


* This work was done during tho tenure of a Coats and Perman Scholarship 
and I am indebted to tho Rankin Fund for a grant toward tho expenses of tho work 
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for ono and a half minutes and tho stain is then poured off Taking care 
that tlio film does not become dry, one then places the slide face downwards 
m the staining bath Staming is effected with a freshly made mixture of 
ono part distilled water and two parts Leishman’s stain During the process 
a direct electric current is passed through tho staining bath It was found 
that m this way staining at every pH from highly acid (pH 4) to highly 
alkaline (pH II) could bo obtained in one film 

Staining bath The shape and dimensions of tho staining bath are 
important This is a depression m paraffin wax made as follows A 4 inch 
Potri plate is filled with melted paraffin wax as used for embedding, which 
is allowed to set A gloss microscope slide two and a half inches long, 
mado by cuttmg an ordinary elide, is then placed in the centre of the wax 
and at cither end an aluminium electrode E, cut out of 1/32 inch thick sheet 
aluminium with scissors and of tho shape shown in the figure, is fixed into 
position by heating till its edge (e) is flush with the uppor surface of the Bhde 
A full length slide is superimposed on tho lower, but overlapping equally 
at oithor end Tho whole apparatus is then placed in the embedding oven 
with the door partly open till tho wax is just plastic the slides are firmly 
pressed down mto tho wax and the latter is pmohed up slightly round tho 
edges of tho slides to form a projecting rim When the wax is nearly set 
the uppor slide is freed by passing tho tip of a scalpol round it and prized 
out , tho lower one is removed similarly Tho depressions on either side 
of tho staining trough are filled up with molten wax, and when the whole is 
set a bunson flamo is played lightly over tho surfaces so as to fuse them 
together Tho mould which accommodated tho upper slide is enlarged 
slightly both m length and width, so that tho slide which is to bo stained may 
slip in easily, and also for another reason montioncd later It was found that, 
in order to diffuse tho fluid currents sot up during Btaming, tho floor of tho 
trough shoidd hnvo n series of grooves Accordingly about 20 fine groovos (g) 
equally spaced, 1/32 inch deep, wore cut transversely with tho tip of a 
scalpel Tho electrodes must be cleared of wax along their parallol surfaces 
down to tho level of tho floor of tho bath 

The direct current used is a 220 250 \olts lighting supply in senes with 
an incandescent electric lamp Tho exact rating of the lnmp is immaterial 
in view of tlio disproportionately high resistance of tho bath The current 
passed is low, £ 14 mtlliamps, so that a small wireless vnh o rectifier * may 
bo used m tho case of A C mains Tlio apparatus can bo tested by filling 
tho bath with water containing a few drops of B D H universal indicator 
The timo should bo noted which elapses after turning on tho current until 
tho red and blue zones hai o advanced about ono inch from either end A 
well graded appoaranco is presented from noid at ono end, through noutral 
in tho centre, to alkalino at tho other Tins represents approximately tho 
timo the current should be allowed to pass during staining, although conditions 
are slightly different in actual staining owing to tho higher conductivity of 
tho marrow and to tho diffusion which takes place o\er its surface Tho 
times mentioned hero are thoso found best for tlio particular bath, current 
supply and specimen of Lcishmans stain used Oneo theso times hn\o 
been fixed by trial, tho procedure requires no further modification 

With tho slide tn situ , face down in tlio staining bath, tho current is allowed 
to pass for three and a half minutes The slide is then removed and wiped 
dry around the edges and tlio extreme ends wiped off if thoj appear bnght 
red or blue, also any thick parts Dehjdrntion and differentiation are 
earned out by rinsing m 14 per cent colophomum in absoluto alcohol This 

* Dus can bo mode up bj a supplier of wireless apparatus if tlio voltago and 
railliamporago aro specified 
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transferred to xylol (3) Tlie depth of the staining trough must not exceed 
1/16 inch, otherwise tho trans\erse groo\cs are insufficient to diffuse the 
fluid current properly If there is a tendency for a sharp division to occur 
between acid and alkaline instead of a gradation over a considerable length 
of the slide, this con usually be corrected by interrupting the current during 
staining eg by switching tho current on and off for $ minute periods 
respectively during the staining time of tlireo and a half minutos 
Alternatively the slide may be slipped gently backwards and forwards in 
its width to help diffusion Whicliev or method is adopted, prelim in ary 
trials should bo carried out with tho aid of the universal indicator 

Owing to the persistence over long periods of tho pH effects established 
in the trough once the current lias been passed for tho requisite timo and then 
shut off, staining may be earned out with a dilute solution of tho stain o\ or 
penods up to 18 hours Under these conditions evaporation must be 
prevontod, eg by placing a loose Petri lid on the top undor winch a moist 
atmosphero ib maintained by means of strips of cotton ■wool stooped in 
w atcr Ono ad\ antage of prolonged staining is that tho polyclirome blues 
arc less easily washed out during dehydration 
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THE TRYPANOCIDAL ACTION OF CERTAIN 
PHENANTHRIDINIUM COMPOUNDS * 


C H Bbownino, G T Moboyn, JVM Kobe and L P Walls 
From tho Chemical Research Laboratories , Tcddinglon , and tho Bacteriology 
and Pathology Department of the University and Western Infirmary , 
Glasgow 

Iho investigation for chemotherapeutic propci ties of a scries of 
phenantlindmo and plicnantlindmmm compounds synthesised by two of 
11 s (G T M and L P W ) 1ms shovrn that the following possess curatno 
action in mice experimentally infected with trypanosomes 
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A 7 amino 9 ( p nmmophenvl) 10 methyl plicnantlindmmm chlondo 
(NH t groups at positions 7 and X) 

B 3 (acotylnmino) 9 (p acoty laminopheny 1) 10 mothy 1 plienantliridimum 
chlondo (NH COCH s groups at positions 3 and X) 

Both of these substances in doses approaching tho mnximuin tolerated 
(ono subcutaneous injection of 1 mg of A or 2 5 5 mg of B for a mouso 


* \\ ork done with tho support of tho Medical Research Council 
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weighing 20 g ) ate curative for mice infected with T b> ucci (strain Paris HI 
— Browning and Gulbiansen, 1034) when administered 24 hours after 
inoculation In addition, with two stiains of T congolcnsc m mice 
(Browning, Cappell and Gulbransen, 1934) the 7 amino-9 (p-nminophenyl) 
compound has a curative action on infections It is of interest that on 
Sp minus in mice (Browning and Gulbiansen, 1936) the 3 (ncctylnrmno)-fl 
(p-acetylnminophonvl) compound, winch is without effect on the lattoi 
trypanosomes, has amniked therapeutic offcct, although the lnigest dose-, do 
not lead to euro Sinco the range of action of tlieso compounds is small, it 
is not possible to mako extensive comparisons between them and analogous 
substances ns regards the relations between chemical constitution and chemo- 
therapeutic action But tho follow’ing observations on T brucci infections 
may be recorded (1) acetylation of tho two^NTL, groups m compound A 
lcsults m loss of activitj (dose 1 25 mg ) , (2) tho phennntliridme compounds 
(sulphates) coi responding to A (doso 1 mg ) and to B (dose 3 3 mg ) — i c with 
H attached to N instead of the CH 3 gioup — are inactive , (3) tho compound 
corresponding to B but with NH. groups m positions 3 and X (instead of 
XU COCH 3 groups) is innetivo (dose 0 4 mg ) 

It is important that T brucci and T congolcnsc aio both influenced bj 
compound A to a practically equal extent, smeo tho latter trypanosome is 
eithei not affected bj most trypanocidal agents which act on T brucci, 
or clso responds onlj to tlio largest doses, eg of a substance such as Bayer 203 
which cures T brucci infections in a small fraction of tho toleiatcd dose 
Both compounds (A and B) act on a drug-fast strain of T brucci which is 
completely resistant to tho largest tolerated doses of arsacotm 

These phenanthndmium compounds constitute a now' typo of trypanocidal 
agent. 
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A NOTE ON THE PREDOMINANCE OF THE GENUS 
BACTEROIDES IN HUMAN STOOLS. 

S S Misra 

Department of Patholo'/y, British Postgraduate Medical School, London 

Eccerth and Gagnon (1933) found that in 91 per cent of a ‘•rnc-t of 

human adult stools there was a predominance of obligator* anaerobes wliicn 

tliev cln— died, reiving chief!* on morphological and fmncntntisc reaction-., 
ns members of the Baclcroidcs group Wci<-s and Rettger (1037), examining 
the -tools or 40 adults, i-olntod 87 nn«« robic strains which thoj dnidwt uno 

Gmm-p©*iti\e Bartcroidcs and Gram n«*gati\c Baclcroidcs, Mibdn iding 
latter In «crologirnl methods into 1 main group- In the.-' 1 E tool- a 10 S * * * * * 11 

mw rob--> predominated «n or th- a< rob— ’1 hi-, note report - a quantitnm 
compm-on of tie numb- rs of obligate ann- robes and a' rob--, m 10 adult 
hum in stool- 
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Method About 0 5 o o of stool was emulsified in 15 c c of 0 85 per cent 
sterile saline and centrifuged for 5 minutes at 1000 rpm to deposit the 
coarser partioles Tenfold dilutions of the emulsion were made in nutrient 
broth, using 60 dropping pipettes (Donald, 1915), and 0 02 c c of each 
dilution was dropped on to numbered sectors of six well dried blood agar 
plates After the absorption of the drops, three plates were incubated 
aerobically and three anaerobically at 37° C The mean number of colomes 
developing m drop areas that yielded discrete colonies was determined from 
counts of the three plates mado after 24 and 72 hours* incubation 
Rapresentatu o aerobic and anaerobic colonies were examined morpho 
logically and biochemicallj 

The aerobes wore mostly coliform in type and were tested m lactose, 
sucrose and salicin peptone water and Kosor's citrate medium With the 
exception of one strain, a late lactose fermenting paracolon bacillus, all the 
coliform organisms belonged to the colt acrogcncs group Occasionally a 
few colonies of Str fcecalia appeared from tho higher dilutions of the faecal 
emulsion 

Five representative anaerobic colonies from each of tho ten spooimens 
were tested by two further 3 day subcultures on blood agar under aerobic 
and anaerobic conditions Two of the fifty were facultative aerobes tho 
remainder proved to bo strict obligate anaerobes 

Two or three strains from each specimen were purified by two replatmgs 
Of 2C strains so prepared, 24 wore Gram negativ e , 20 gave, on 3 days’ 
incubation on blood agar, smooth, convex, and entire edged translucent 
colonies 0 2-0 5 mm in diamotor , 4 gave semi transparent, granular, effuse 
colonies 0 4-0 8 mm in diameter Tho two Grom positn e strains gave 
smooth, entire edged opaque colonies 0 4-0 8 mm in diameter 

AH the bacilli were 0 0-0 75 p in width, and \ancd m modal length from 
0 8 to 3 p Tho majority of strains wore higlil> pleomorphic , there was no 
relation between cell typo and colony typo 

Table I summarises tho biochemical reactions of 18 of tho Gram negative 
strains AH wore non haemolytic, failed to reduce nitrates and, with tho 
exception of 1 C, failed to liquefy gelatin Lead acetato agar was blackened 
bj 2 strains 

Growth was fecblo or absent in heart extract broth, good in 5 per cent 
blood or serum broth There was no growth in peptone water but carbo 
hydrates were fermented with tho production of acid in peptone water 
containing 5 per cent serum No morphological evidence of spore formation 
was noted and 3 daj cultures of all strains were killed after 30 minutes 
at 80° C 

Tho Gramnegativo obligate anaerobes appeared to correspond with 
Weiss and Rettger’s groups I and II although in tho absence of fuller 
biochemical tests and of pathogenicity and sorological tests identity cannot 
bo established The chief difference lies in tho greater variability of these 
strains m their action on litmus milk and lead acetate ngnr 

Table U shows the count results in the senes of 10 stools Tho findings 
of Eggorth and Gagnon and of Weiss and Rettger are confirmed Spore 
forming anaerobes were ne\er present m largo enough numbers to appear 
m the higher dilutions of fiecnl emulsion and tho predominating anaerobe 
may bo assumed to be of the Bacteroidea tvpo One stool only showed 
a slight predominance of aerobes In tho others tho number of Bactcroides 
hko organisms was from 3 to 170 tunes as grant ns that of tho coliform 
organisms 
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Table I 


Biochemical reactions oj gram-negative anaerobes isolated from human faeces 


‘.train 

Glticri'C 

Mnlto-i 

Mannitol 

Lactose 

Sucrose 

Salleln 

Litmu r 

milk 

Remarks 

111 

A 

o 

O 

A 

O 

O 

A ALK 


7 11, «) B 

A 

o 

O 

0 

O 

A 

ALK 


2 11, 7 C, 8 B. 

9 A, 10A 

A 

A 

O 

A 

O 

A 

A -ALK 
or ALK 

7 C granular colony 

4 A, All, 0.\, 
nil, 8 A, 10 B 

\ 

A 

O 

A 

A 

O 

AC 


1C 

3 A 

A 

A 

0 

A 

A 

A 

AC 

Gelatin liquefied , 
H.S+ , granular 
colony 

A 

A 

o 

A 

A 

A 

NC 

411 

A 

A 

o 

A 

A 

A 

ALK 

H.S+ 

1C 

A 


A 

A 

A 

A 

AC 

Grnnulnr c olonv 


X = neutral A = ncid 

ALIv = alkaline C = riot 


Table II. 

Aerobic and anaerobic counts in ten specimens of faeces 


birinlno of feces 


Tlirrc-jilate counts with standard dea Jntionx (millions 
of stable ormnNnis Her r c of f;ecal emulsion) 


Approximate ratio 
of nnai roblc to 
aerobic count 


Aerobic 


Anaerobic 


1 

0 

.1 

1 

.1 

0 

7 

8 
<> 

JO 


4 5± 0 30 
80 Oil') 2.7 
15 2± 1 77 

Xo growth (\ cn <lr\ stool) 
20 0±5 00 
2 9£0 20 
13 4i3 02 
4 7±0 30 
1 0±0 28 
0 -i±0 1 1 


38 

r >± 

10 

40 

I 13 

0 

26 

r>± 

7 

65 

i o 

3 

45 

o± 

n 

25 I 

! 1 

0 

1 

9 + 

0 

38 

; 


1865 

0J-340 

50 

*•3 

3 

481 

0± 

76 

10 

170 

0 

ns 

5 J 

7 

61 

10 

4 

55 

0£ 

13 

21 

11 

8 

9 

5± 

1 

SI 

9 

1 

.1 

7~ 

1 

16 

1G 

1 


Summon/ 

Of n series of 10 stools examined, 9 showed marked preponderance of 
the obligato anaerobes over tho obligato and facultative nerohe* > 
obligate anaerobes appear to bo members of the Bactcroides group ; a fort inr 
and more extensive study of this interesting genus m ftrers might < eterxntn 
what role, if am, its member-. plnv in nonnal and abnormal inte-.w 
conditions. 

M> tlmnks are dim to Dr A A Miles for Ins interest and advice 

RDmRDXCT''. 

Dov «n. R . ... u !2tt 

notrirrn. A II.. vxi> Oacnoa H. IT. ion J w,u ' 

Wris-, .1. K . .vsn Rjrrronr*. L I*. /{nrf.xxxui 1- . 
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BACTERIUM ACTINOM YCETEM COMITANS A DESCRIPTION 
OF TWO STRAINS 

N E Goldsworthy 

From the Department of Bacteriology t n the University of Sydney , Australia 

Although tho literature on actinomycosis is now large, certain fundamental 
questions concerning the natural reservoirs of the parasite, the immediate 
source of infection and the mechanism of the pathological processes remain 
unanswered The very frequent presence in actinomycotic lesions of 
organisms other than the actmomyces itself has been commonted upon by 
several authors (Klinger, 1912 , Colebrook, 1920 , Axhausen, 1036) Ono 
of the best known of theso organisms is the Bacterium actmomycetem comitans 
(Achnobacillus acttnomycelem comitans) Colebrook found it in 24 out of 
30 lesions and cultivated it from 10 This suggests that the bacterium may 
bo of pathological importance, and a small preliminary senes of experiments 
carried out in this laboratory would seem to support this suggestion On 
this account, and because there are very few recorded studies of tho organism, 
the following observations are reported 

Source of the organisms Strain F was recovered from pus from a closed 
abscess in a cervical lymphatic gland (human subject) Such closed lesions 
are uncommon and offer rare opportunities for easy recovery of the organisms 
involved Bayno Jones (1925) worked with material from a similar situation 
Strain R was isolated from a supposedly pure culture of Actinomyces bovis 
(Wolff and Isrnol) which had been obtained two or thrro years previously 
Tho patient had actinomycosis of tho lung, with abscesses m tho forearm 
and sternum Tho culture was grown from pus from the forearm 

Isolation tn pure culture Both strains were encountored under tho 
most favourable conditions possible and were readily isolated by taking 
advantage of tho different oxygon requirements of the bactonum and the 
actmomyces Broth tubes were maculated and incubated m an inclined 
position in order to allow tho freest possible access of tho air After 48 hours 
small colonics were visible on the walls of tho tube, and by subculture and 
plating tho bacterium was readily isolated in pure culture 

Morphology In films of pus stained b} Gram’s method, strain F appeared 
oxactlj as described and figured by Colebrook Tho Grom posittvo mycelium 
of tho actmomyces was embedded in a more or less homogeneous Gram 
negativ 0 mass which, at tho periphery, resolved itself into small cocco 
bacillary elements Theso closely resembled H influenza: and Br mchtensis 
in size, shape and staining prejiertics Srnco tho bacterium docs not stain 
deeply it is dosirable to use diluto carbol fuchsin rather than neutral red ns 
a counterstain in Grom’s method Films from pure cultures m broth showed 
similar very small, Gram negative bacilli with a strong tendency to form 
dense clumps Tho morphology of two organisms was identical and both 
strains wore non motile 

Cultural characters In broth, tho appearance was exactly that described 
by other writers — small discrcto colonies clinging to tho wall of tho tube, 
dislodged only with difficult} and not casj to craulsif} On repeated 
subcultivntion in broth the organism lost this tendency and grew diffuse!} 
(Colebrook, 1920, Lioskc, 1921) 

On solid media such ns serum ngar good growth occurred in 48 hours 
On this medium, which seemed to bo the most sntisfactor} one for both 
strains, tho colonies were serai transparent and small — not more than 1 mm 
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m dinin' t**r nud t’cm mliv le-s, the surface mas smooth and slum, the slmjx* 
domed and (In* edge entire At time- strain It (from ilw old mixed culture) 
produced inninlv “ lough ” colonies Both strains grew fairly w ell on blood 
ngnr (horn* and sheep) 

Maintenance of cultures is not difficult In mixed culture) sttnin F has 
been ninintam*‘d for one v ear m cooked meat medium, with monthlv transfers 
and continuous incubation at 37 s C , strum R for 3 jears In pure culture 
both strains have In on maintained for a peiiod exceeding one jenr bj 
vveeklv transfers on serum agar slopes kept at 37° C 

Orqqcn requirement* The bncteimm is essentially an aerobe and glows 
freely though somewhat slowh on the surface of solid media It is also n 
fncult«ti\e anaerobe, as shown b\ its maintenance in mixed culture with 
A hot is m cooked meat medium under a seal of liquid paraffin 

nrmrntatinn rend ton* Tests m mdinniy peptone water e\tn when 
enriched with 10 per cent hor-e serum were unsatisfactory, although growth 
in tie serum medium was good Slopes of a solid medium consisting of 
nuti i«nt a cm , Andrade’s indu ator and 1 jier ct lit of the dcsiiod carbohj drate 
g.i\e constant result', though slight, fluctuations m the apparent degree of 
nciditv wen occasionally s, on Both str tins feunented gluco-e, mannitol, 
maltose ,uk 1 >tnuh lint not lactose, stieiO'C, dulcitol, liuihn, mi hem or 
glycerol No gas was ptodueed in liquid media e\on when \ cry Inigo inocula 
were U' si Colelnook found his sti.nn to ferment glueo-c, lactose, sucrose, 
mannitol duhitol mid dextrin Dexliin was not used m my expenments 
Acid production was slow and was sometimes delayed until the fifth day 
In Mine* cult un s the acidity was less marked on the 13th tlmn on the 5tli tiny 
Ihrrnnli/sis On blood agar plates the bacterium grew moderately well 
but no hirnolj'is was ob'Ct v »*d aft< r fiv e day s’ incubation There was, 
however, n distinct tendency tow aids greenish discoloration beneath the 
growth, moiv evident with strain F. 

Jsiqiirjactinn oj rjrUttm .Stab cultures incubated for 1 1 clays lit 
approxunatch 20 C showed only v cry “light growth and that nt the surface 
Cultures inenb.it' d m an inclined position at 37° C for a similar period showed 
l>ett' r growth No liquefaction occurml in f ither case 

l)is< ut-iton. 

It i~ clear tbit the org mi-ms dt -cubed above nre very similar to tlin->* 

studied by Klmg. r and by Cokbrooh. and designated by tin m IJnctmum 

nrtmnini/' 1 Inn comiton*. T |i< onlv diffi tone's. which emerge from th > v 

oh-' nation' r> late to tie feme ntation n ictions ,So few strains have le*n 

studuyl that tie* -ignite nnu of tie m* difFon nc> - must bt iineertam. It 

t' worlli noting, however, that th* strains I*’ and It, isolat'd from 

at ven, difiert nt tuns', «>n*> fr«sl» from th* host when t**stid, tie* orh>. 

in untuned for 2 ve>r> in the itbomtory Ixfon* b< trig t< -t>d, had p T * < ' 

th * -am n >' twin- Forth' rm«>ri , the-i* n actions vi* re con-tint wh'u t ** 

t, -» , v,. r mud * in j- ‘v. rd difb o nt kirels «>f b v- il ne dm— agar, bm 

p { *o* w y. - Th • diil* n iw** in th f. me ntative ebihti <*J C'ol * 

"I'Ui'iIimn m i\ imiic it» ih i xi U’tif < of'li tin't tije-ofll* *>fr 

■ . . . . 1 . 1 . .1 1 ...1 *!** ^ 
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COMPLEMENT IN TRANSPLANTABLE SARCOMA 209 


576 809 737 616—006 42 

THE FOURTH COMPONENT OF COMPLEMENT EXPERIMENTS 
WITH A TRANSPLANTABLE SARCOMA OF THE GUINEA PIG 

J Gordov and J W Orb 
From the Department of Pathology and Bacteriology, 
the University of Leeds 

Tho circumstance) that a guinea pig tumour is being propagated at 
present m these laboratories afforded an opportunity of making observations 
on tho mfluenco of malignant growth on serum complement Attention 
was directed particularly to tho Incmolytic titro of complement m such 
animals and to tho possibility of change m tho fourth component (Gordon, 
Wlutoliead and Wormall, 1920) Tho tumour in question, the Duels mid 
Biltris cavy sarcoma, is ono of those originally produced by tho introduction 
of radio active sources into various ports of tho body and described by 
Biltris (1933) os a “ sarcomo fuso cellulairo mtra abdominal qm a 
pu ctro mis on sene " Tlio tumour was started in Leeds from an animal 
kindly supplied by tho laboratories of tho Imperial Cancer Research Fund 
It was grafted in tho usual manner into tho right flank 

Sovonteon animals m all were used, and tho distribution of growth in 
them was as follows 

(а) Well developed priman tumour at sito of graft onh (9 guinea pigs, 

m 5 of which ulceration of tho overlying skin had occurred) 

(б) Primary tumour with fow motastascs (2 guinea pigs) 

(c) Primni^ tumour with abundant metastases and consequent blood 

stained ascites (5 guinea pigs) 

(d) Graft, after a period of growth, subsequently regressed (1 guinea pig) 

Tho time from grafting to the killing of tho ntiminl for tho testing or 
serum varied from 47 to 08 days with an averngo of 00 day* Tins 
approximates closely to tho usual sun ival period after tumour grafting 
In tho tests for complement actn ity 0 03, 0 J, 0 2 and 0 3 cc quantities 
of serum diluted 1 12 m normal saline were added to 0 5 o c of n 4 per cent 
suspension of sensitised o\ corpuscles and incubated at 37° C for 2 hours 
Usually 0 05 c c gnv o partial luemoly sis and 0 1 c c or more complete 
haemolysis Withm tho limitations of our present methods of estimating 
complement activity tho results showed substantial agreement with tho*e 
obtained with nomrnl guinea pigs, so that there was no appreciable diminution 
of complement in tho tumour bearing animal-* 

The fourth component was studied by mixing two 3 c c amounts of 
hcnun obtained from each norronl or tumour bearing guinea pig with 0 2 c c 
and 0 3 c c respectively of X XH S after incubation for 1| hour* at 37° C 
and adjustment to pH 7 5 with A T Hd, 0 1 c c and 0 2 cc amounts from 
each of tilt so mixtures wore added to 0 I c c of a -I per cent su«<pon<iori of 
sensitised ox corpuscles and incubated for 2 hours at 37 s C Xo hi*molysu 
occurred These results indicate that the fourth component tins inactivated 
by the ammonia and thov were obtained with all m m < xiunmcd 

A further experiment was undertal < n to det* imine tin )n it lability and 
amount of the fourth component in tin ►era the tumour baring guinea 
pigs as compared vv ith the nonnnl animals If normal guinea pig * rum Is 
heati'd nt S’* 0 C for ludf an hour, its fourth component is iiimffi •cted anti 
if tlio bested wrum is added to ammonia treated serum it ri-Uotxs tho 
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complement activity The sera from tumour-bearing and normal guinea-pigs 
were heated at 55° C and 0 1 c c of each was added to 0*1 c c of ammomated 
and neutralised sera obtained from both normal and t um our-bearing animals 
In 16 out of the 17 guinea-pigs with tumours, the fourth component was 
unaffected by heat, i e the addition of their heated ser um to ammonia- 
treated serum led to complete haemolysis The exceptional serum was 
obtamed from a guinea-pig bearing an ulcerated primary growth with no 
metastases In the absence of any exact knowledge of the nature of the 
fourth component it is difficult to explain this one result but we do not feel 
satisfied that it was due to an error m technique The other 16 sera, after 
bemg heated at 55° C for half-an-hour, were diluted 1 3 with normal salme 
and amounts of 0-05, 0 1,0 2, and 0 3 c c were added to 0 1 c c of ammomated 
serum from normal and tumour-bearing animals , when sensitised cells were 
added to these it was found that the reactivating capacity of the heated 
sera was quantitatively similar m both groups of animals. 

One experiment was done on a rabbit winch had been inoculated mtra- 
testicularly with the Brown -Pearce (1923) carcmoma and showed at autopsy 
extensive visceral metastases The serum of this rabbit as compared with 
that of several normal rabbits showed no quantitative loss of complement, 
while the fourth component could be inactivated by ammonia and its heat 
stability and quantitative activity were not affected by the presence of the 
tumour 


Summary. 

An examination of the serum complement m seventeen guinea-pigs and 
one rabbit bearing transplanted tumours, m which especial attention was 
devoted to the fourth component, lias failed to reveal any abnormality except 
in one gumea-pig. 
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OBITUARY NOTICE OF DECEASED MEMB ER 

UUlUIifim ADcIiose Camming. 

1899-1937 

Db William Mllrosi Cummimi, lato Icoturei in bacteriology m 
tlio University of St Andrews, died suddenly on 15th August 1947 
Bom at Dundee on 17th Noycmbci 1899, Cumming reconed 
Ins early education at tho Morgan Academy in that city and ins 
professional training at tho School of Medicine of tho University 
of St Androus Graduating in 1922, he was immediately appointed 
assistant to tho professor of bacteriology, a post m uhioli he soon 
displayed thoso qualities of aptitude, imtiatno and energy lthich 
continued to mark all lus subsequent work From tho earliest 
days Cunumng shoued a strong bias tou arils the study of 
tuberculosis and in 192G ho roccncd tho doolorato of philosophy 
for a thesis on the glycerol icaction curie of cultures of Myco- 
bacterium tuberculosis This anil much of Ins Inter eork uns 
performed until the assistance of grants from the Mcihinl Research 
Council, a form of encouragement anil recognition of uluoli ho uns 
\ciy appreciative and of uluch ho often spoko 

In 1924 ho forsook tho uorh of tho laboratory for that of tho 
unrd8 and during tho next tuo venrs recoiled an m tensile training 
in tho clinical study of tuberculosis under tho tutelage of Dr W T 
Munro of Glcnlomond Sanatorium In 1920 ho ivas appointed medical 
superintendent of tho Bradford City Sanatorium at Gmssingtoii, 
Yorkshire, uhero, in addition to lus routuio clinical and ndminis 
trativo duties, ho uns hoon busdi engaged on further bnctcriologienl 
studies in tho little laboratory uluch ho had had cqmpjicd ills 
onthusiasm ns a 1 iboratory worker w ns only equalled by Ills aptitude 
ns a clinician and m Ins hospital on tho umd swept hillside looking 
across Wlmrfednio to tho loicly Fells of Thorpe ami Biirns.ill, 
ho was able to find full scoyio for both activities During the 
period 1924 45 ho published numerous pliers w Inch rccon ed perhaps 
less publicity than tiny merited because of their npjicnnng m 
specialist journals Most of theso deilt with tuberculosis, but Ills 
interests remained wide, ns is shoim by tho fact that lus thesis 
for tho doctorate of medicine, which lie recencd in 1927, and fur 
uluch ho was awarded a Rutherford medal, dealt with flic subject 
of the streptococci Also ho recorded most fulh a case of extreme 
locus i r mu — coc un ill O 2 
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hypersensitiveness to cow’s milk protein, the case bemg that of 
his own child 

The death of Ins wife about three-and-a-lialf years ago deeply 
affected him and ultimately resulted in a breakdown during 1935 
With the establishment of convalescence he returned to laboratory 
work with renewed ardour, and in November 1935 made what 
was to be his final contribution to the literature of his subject — 
“ The type of the causal organism m 1,502 recent English and 320 
recent Irish cases of pulmonary tuberculosis ” ( Tubercle , 1935-36, 
xvu 67) It says much for lus enthusiasm that, although not yet 
fully restored to health, he undertook and carried to completion 
so laborious a piece of work 

While the furtherance of lus speciahty was the mam factoi 
m lus hfe, Cumming had many other interests A keen fisher, he 
loved the lochs and streams of western Scotland , he was also quite 
handy with a sporting gun and he had a passion for dogs His 
real pastime, however, was of a gentler nature — the study of bird 
hfe Indeed to know Cumming it was necessary to understand 
his enthusiasm for this, one of the most arduous though perhaps 
the gentlest of all hobbies His death is a sad loss to those of us 
who knew him well and we must sympathise with his little son 
and daughter and with his devoted parents m their bereavement 

W J T 
M J S 
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A textbook of plant virus diseases 

By Kenneth M Smith London J &, A Churchill 1937 Pp x 
and 015 102 figs (1 in colour) 21s 

Those worl ing in agriculture, horticulturo and vims research should 
find tins book oxtromolv useful, bringing together ns it docs, under 
one cover, a vast amount of information upon the \nnous \ mis infections 
to winch plants nro liable 

In tho commonly accepted sense of tho word it is a " handbook ” 
rather than a “textbook’* Tho student desirous of knowing more 
about actunl technique and methods and tho theories undcrly mg v mis 
research is referred to Dr Smith’s book in tho “ Recent Adv ances •* 
senes (roMewod m this Journal 1935, xh 573) In form tho present 
book lias been deliberately constructed so ns to permit the Hold worker 
to make a rapid prehminan diagnosis and to follow this up by means 
of cross references to tbo moro detailed information on symptoms, 
transmission and control contained in the body of the book Ultimnt* ly , 
"by means of the list of references appended to each chaptc r, tho original 
sources may bo located 

Tho ox Atom or classification of tho viruses has been drastically and 
carefully reorganised and an easily remembered nomc nolatiiro 1ms 
been evolved which is based on tbo chief host plant of each \ inis Tins 
ls a considerable step forward ami not only introduces n simplification 
of the present rather easily confused nomenclature but al*o has the 
advantage of permitting great adaptability and onsv inclusion of ww 
viruses ns soon ns thoy art discovered In the case of even virus, 
tho old names and synonyms are giv on in full 

In the find seven chapters, which form tho bulk of the book the 
virus diseases nro dealt with according to tlmr mo>t important host 
plant Tho symptoms of inflection are givi n cliarly and fullv togntlw r 
with the geographical distribution, range transmission fintors and 
methods of control In the case of transmission by insect*., a fntir 
chapter deals vci^y fully with the means of identification habits, etc, 
of these insect vectors 

Muir and Ritchio’s Manual of bactoriology 

Revised by C H Bnowsisa and T T Mackii Tenth edition 
London Hmnphrev Milford Oxford tniviroty Press 1937 Pp x 
and 990 20 figs in colour on six plates and 212 text figs 20s 

Tin* appearance of this, the trnth, edition of Muir and Ritchie 
just fortv vtnrs after the first calls for congratulation rnlhtr than 
comment Tins particular edition is noteworthy for tin fact that 
for the first time bir Rolnrt Muir hns tnkf n no share in the authorship 
Tho book n mnms vvlmt it always has b^n, a solid compilation 
packed full of facts nccumti ami well up to date It isnlwiit 130pngi«s 
longer than its prtsh*ees<or and tlun has l>pen much rvwntmc nnrl n 
little rvnrmngennnt Om could have wi-hcd this uni,hl hnvi gom 
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fu r th'T in th- fir-t «h;ion unci'- r the now regime 7 hw book hft* ill wens 
l>wn dtflieult to rr-ul nnd hns perhaps been mon' popular for refontire 
t butt a- nn introductory textbook Out reader at am rate lifts tbouijht 
this -was flu' 1 to th»« nrriuiKomont of tho earlier rhnpters and the inter- 
polation of chapters IT to IV on method-, between chapters on th*> 
pi uera! ft'jvcts of the subject. 'I hi- arnuureinenf lifts seemed to confu - 
and dwtmet. mid mold lime b«en avoided bv phirinc them right nt tie 
end of the \ ohnn>- At the pn -out into of increase in sire it w ill probably 
be nec. -ary in the future to consul' r whether these chapters nnd tho- - 
on protozoa nnd fungi will be able to remain, though their di-np)»ranin<->’ 
would alter - non-h tie- chanu t'-r and value of tie- book The fonnat 
t-* unchanged, but the print mu is f>\tniordumrily unnui on mnm of 
th<- <-nrli *r pay- - nnd half of p 200 in the copy rent for review i-» \ tn 
nearly ill' pible. 

nintiihrtinp tn die Hygiene und Seuehonlekro 

ISy Hi ts/ Zrtss and P.nss-T T lours w utvr Si com! edition. Stuttgart 
1* I'nl * 1007 I’p mii and 2^2. 1 t**\t far UM 7 00. 

The fir-t edition of tin- hook, published in 10*10 lift- already l»vti 
r« v i v»sl in tin- Journal (1030, \hn 230). 7 he second edition lifts b«c»n 
con t'hmhU extended To tin* first section of the book dealing with 
hvcime there no added chapter* on induct nnl di-m-e and its con t ml. 
on di.uifi-etion (I >.ter<ir} tmtj) nnd d< -true lion of \anoiis p irasit* cam- r l 
of d. ■ 1- or rhstrmer- of footlstufT-, « te (Entu cxiuq), and In-tly «a 
rand by ire n>’ In the Inst, the recent (!■ nnan law - on the object of 
ui TTi/vtr * lire di-ui--'d »t JejiE-th in the hjiht of heredity, notional 
honour, morality, • ’<> 

\ »hort iT' U' nil disi •i-'iori of \irn- «h-‘ i->* lift- lus n add'd to the 
*i vend - stion of the hool . ahic-h chills with infections di«',i-e. 



PROCEEDINGS OE THE PATHOLOGICAL SOCIETY 
OF GREAT BRITAIN AND IRELAND 


7th and 8th JANUARY 1038 

Tho fiftj sixth mooting wns hold in tho Bland Sutton Institute of 
Pathology tho Middlesex Hospital, London, on 7th and 8th Jnnuan I03S 

Communications and demonstrations 
Those marked * nro abstracted lielow 

*C R H\Ltrrcr Some leading principles in tlio pnthnlogj of tho internal 
ear and of the labyrinth capsule 
L R WooimorsF Pricp Clarification of the mclnnomat a 
H A Magnus The gastric lemon in pernicious nirtmin 
T B Datiq Mam «* fat n placement of the pancreas 
G It Gamfjion and G R \\ nr Saram Nembutal and liver damage 
C V Harrison and P Wood The studx of tho coronnrx arteries In 
barium inject ion and radiograph} 

T H Biooaiit and G Alfxander nxporimontnl diabetes insipidus 
P A Gonrn Antigenie basis of tumour transplantation 
T Ltjmsdfn A Himplo agglutination t<st- of resistance to tumour 
implantation 

W Ciiamfr and E S Horning Tlie pre\ ention of spontaneous enneer of 
the mamma m the mouse 

,T \\ Onn Tiie histological course of changes in mouse si in treated with 
carcinogenic li\ drocarbons 

C IT Andrews and C G AristrOm The action of tar in some xinis 
infections 

J Clpmmescn Tlie influence of X radiation on tlie growth of het'roJogoU’* 
tumour grafts 

r R Selbik Tumours m rats and mico following the inject ion of thorotrasf 
P Bnowxxva Tho action of synthnhn in experimental trjpnnoiominsH 
E J Kino and M McGFonor Tho dissolution and excretion of mhrn 
P IlARTLri Anoplij laxis m guinea pigs to diphtheria toxoid 
iTpan Onn Expino Tlie relatixc ausceptibilitx to plingoi xlosis of firm i* 
and nulls txp* s of C diphtheria* 

C G Porn and MAnoxnrr M Hlvlix Nitrogen contiiit of floccitbs 
produced from refined diphtheria antitoxin 
C L Oakefx nnd C G Popp Particle size of eonenitmtcd and refined 
diphtheria antitoxin ns determined b} ultmfilt ration nnnlxvts 
Emm\ IvLiEvmrnoi n Further exjx nnients (serological and infective) 
xxith tJio filterable organisms recovered from mt pnlmmmo h •‘ions 
nnd other sources 

J CnuicKSHAVK An organism exhibiting mobile colonic** 

A \V Doxxnip Obserxntions on n virus obtained from pustular lesion* on 
the hands of a cowman 

C B 'AN Roovrv (1) Mieroinanipnliition and nucrodi*-«*ctmn of the 
moliuscmn contngio>mn inclusion botlx (2) Specific complement 
fixation tests with Rhopen fibroma xinis nnd thnr relationship to 
x »ni« neutralising antibodies 

Minirri. RotirnrsoN Some mt# met ions b# t trtx n protozoa and immune badx 
r S Dirniir A case of carcinoma or the stomach with miu-tml metnstiw** 

C b IIallpikt ( I ) Histological t«s hni<|iic of the t * mporul bone (2) Ifs*ta 

logical preparations illustrating the normal and pathological nnitomx 
of the temporal bone 

1 n Dwr (1 ITwocobc** of axrphtlitiG aortitis in childn n (2) Undiagnosed 
mtrttliomcic rbloraninfotw tumour* 
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Dorn's M. Stone and Dorothy Woodman Polycythrcmin terminating m 
leuco-enthroblnotic nmemia 

L. Coixbhook, W R. Maxted and R G Willcocks A simple agitator to 
■work m a water bath 

*A J Rhodes The effect of intracerebral passage on the virus of infectious 
myxomatosis of rabbits 

A. J Rhodts and C E van Rooytn An infective disease of uncertain 
.•etiology in a stock of laboratory ints 

C J. Polson *(1) Bronchial carcinoma at tho apex of a lung (2) “ Cryptic ” 
bionclual carcinoma 

G. P. Gladstone Stnpln lococeal n-hrcmolj sn production in a chemically 
defined medium 

W E Cvrxeoie Dickson and F W Willway Spinal meningiomntn 

W E Carnegie Dickson, J Plesch and A Werr- Johnson So-called 
“ hypemophroma ” of the kidney 

L E Glynn, M L Rosenhtim and E G WniTE Mesenteiic 
chylndenoctnsis with steatorrhain m man and two cases in cats 

R. Donns and G S W. de Saram A case of h.emorrhagic encephalitis 
associated with acute rheumatism 

Dopotiiy M Vadx Lymplmdenoid goitre 

J R M Innfs Testicular tumours m animals 

Jo\N M Ross Cutaneous carcinoma following irradiation 

E G White Pituitary tumour in a dog 


Abstracts. 

fil6 . 2Sl 

SOME LEADING PRINCIPLES IN THE PATHOLOGY OF THE 
INTERNAL EAR AND OF THE LABYRINTH CAPSULE 

C S Hallttke 


Ecrcni Institute of Ololoqy, Middlesex Hospital, London 

Following birth, the increase m sure of the entitle-, of tho mammalian 
internal ear is exceeding!' smnll Associated with this, there is a marked 
absence in the deeper la\ei-s of tin* labyrinth capsule of the normal processes 
of n -sorption and re-fonnntion to which other parts of the skeleton an 
subject This nnomalous phyMolopicnl constitution of tho deeper lari r- 
of the labyrinth capsule is of importance 111 coasidennc the r nurse pur-wed 
in the temporal bone by Paget s disease, osteitis fibrosa, and other generalised 
disorders of the skeleton The changes m these diseases are mnmK confined 
to the outer or perio-tenl layer of the labyrinth capsule, the deeper la.' ‘ r ' 
being invohed onlv in the more advanced stngrs of the disease 

I 11 oto'c h rosis, a disease pecubnr to the Inlnrinth capsule, certain 
anomalies m the bistologunl changes m the marrow spaces lm\ e long pri '< 
difficulties in mt< rpretntion On the whole the nature of th'se thang'-s u- 
bc< n consider* d to contra nidicate the possibility that they reprev nt an 
inti lnwintorv remtion to a chronic infective proci" In ns-es-ing ’ ’*' 
changes in question, the necessity should be emphasised of attaching *' 
weight to the jxjssihihtv that th-ir ntypua! nature may be attributah *. 
m part at h—ist, to tin* peeulianti'-s in pby siologienl constitution ** * 
ti— tie in wbtrb tlnv ari-e, nain-1' the lnb\rinth tap'iili 

Tic* n*ura! «h m»*its «r tie- winiuwlmn mb mo! < >r exhibit orrao 
i-omd.c m t’-.r tv-ictton to s..,tio*r of th* trunk of tin tth »» ^ 
fVt* t u,'M upon ft is *j>- ration, th" p-riph-ral '< stihel tr ivivoje wi’o 
v** e,xi*t.ho*i is p-» -e*-\ *sl fi.Pomng tntU“i "it *1 gm- -ate •- ch -e-' • 1 * 
ntli C' W.ilhri m Iiw- To«* |>- -oh* m! < <v We *r re am i* '■ •>> 
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its spiral ganglion fails to bchavo in accordance with this law «nd exhibits 
sovtro and permanent d(gencniti\o changes It is considered likoly that 
this iiinj bo attributable to sorno unusual degree of \ ulncrabihfcy of tho 
peripheral cochlear nourono to section of its ecntripotnl axons as also to 
other types of mjun 
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THE EFFECT OF INTRACEREBRAL PASSAGE ON THE VIRUS 
OF INFECTIOUS MYXOMATOSIS OF RABBITS 

A J Rhodes 

From the Bacteriology Department , University of Edinburgh 

Hurst (1037) was tho first to demonstrate tho effect of intracerebral 
passage on tin. \irus of infectious myxomatosis of rabbits In his hands 
tilt virus altered in its characters during 23 consecutive passages Tho 
histological pioturo lost its typically my'xomatous appearance after about 
10 parages and correspond inglv tho v irus became less v indent on mtradcrmal 
injection, a considerable number of animals actually recovering from tho 
infection I have hud no difficult} m repeating tins work and m detecting 
tho change in histological characters In my hands, howovor, tho virus 
has remained remarkably virulent despite 28 serial passages to date 

Methods 

Tiic stinm of virus, winch had already been used for n senes of experiments 
in this laboratory (van Rooycri, 1037 , \ an Rooyen and Rhodes, 1037 38), 
was kindly supplied by Dr Hurst nearly 2 years ago It had previously 
been obtained from America In this laboratory it lias been maintained 
by occasional testicular pnssago und has mv armbly proved futul to rabbits 
on intracerebral, mtradcrmal or mtrotesticular injection 

lho first rabbit of tho senes was injected mtraccrebrully with 0 2 cc 
of a 1 5 saline suspension of desiccated testis Tho animal was killed on 
tho Cth day when moribund from generalised myxomatosis TI10 brain was 
removed, tested for sterility , und U 2 c c of a 1 5 saline suspension injected 
mtraccrobrnlly into tho second animal Tins procedure has been earned 
out 28 times At every 4th passage brains were examined histologically 
and rabbits injected mtradermally with 0 2 c 0 of brain suspension Tho 
characteristic papules produced wore considerably smaller and less purplo 
with tho later than with tho carlior injections Tho papules wore oxoised, 
usually on tho death of the animal , and examined histologically 

Results 

Tho results of intracerebral injection have boon very regular In almost 
every one of the 28 rabbits “ running ” at tho 03 es bogan on tho 5th day, 
on tho 0th day tho animal was acutely ill and on the 7th moribund Tho 
majority of animals were killed when t» extremis on tho 7th day but a certain 
number wore allowed to dxo from tho infection on tho 7tli or 8tli day No 
suggestion of any change of virulence lias been afforded, therefore, by this 
route of injection 

Nor with animals injected mtradermally has any evidence of permanent 
loss of virulence been obtained both 20th and 24th brains caused death 
from generalised myxomatosis in 10 days Intratesticular injection with 
the 24th brain also produced a fatal result 

As up to the 24th passage only one animal had been mjcctcd rnfcra 
derm ally whenever the virus was so tested (t e at every 4th passage), it was 
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decided to inject 4 animals with the 28tli brain in the hope that at least one 
might recover No such result was achieved, all the animals dying fiom 
the infection on or before the 10th day It is evident therefore that in this 
experiment the “ neurovirus ” is still unaltered m virulence, a finding which 
contrasts with that of Hurst Ledmgham (1937) alludes to the unexpected 
virulence of “ neurovirus ” Histological appearances, however, have 
afforded some evidence of modification in the action of the virus 

Histology of the cerebral lesion 

The 1st, 4th and 8th passage brains showed a characteristically 
myxomatous menmgeal reaction Many typical myxoma cells weie found, 
particularly in tho adventitial sheaths of the menmgeal vessels The cellular 
infiltration was principally oosinophilic m nature The 16th bram showed 
a marked diminution in the numbers of myxoma cells although the eosinophil 
infiltration was unaltered 

The 20th, 24th and 28th biams showed complete loss of the typically 
myxomatous reaction, no myxoma cells were present and theie was a scanty 
cellular infiltration of mononuclears with only a few eosinophils 

Histology of the skin papules 

The skin papule pioduced by mtiadcrmal injection of unmodified urus 
presented a typically myxomatous appearance Numerous myxoma cells 
were seen. The endothelial prolifei ation of the capillaries m the deopci 
layers of the dermis, as originally described by Hurst, was present The 
epithelium showed considerable vacuolation and numerous Rivers’ inclusions 
Piecisely similai appearances were produced by injection of 4th and 12tli 
passage biains The 16tli bram, howevei, showed only a few myxoma cells 
and only slight evidence of endothelial proliferation although vacuolation 
and Rivers’ bodies weie still present in the epithelium 

The 20tli, 24th and 28th brains showed completo absence of myxoma 
cells, endothelial proliferation and vacuolation Rivers’ inclusions u ei e scanty 

Conclusions. 

1 Infectious myxoma has been passed mtracerebrally 28 tunes thiough 
rabbits and a series of histological examinations made 

2 In both bram and skin lesions the histological pictuio lost its specifically 
myxomatous appearanco in the 20th and subsequent passages 

3 No alteration m virulence was associated with these changes 
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BRONCHIAL CARCINOMA AT THE APEX OF A LUNG 
Cyril J Polson 

Departments of Pathology of the University of Leeds and 
St James's Hospital, Leeds 

Tho opinion of tho majority (Jacox, 1934 , Sterner and Francis, 1934 , 
Fried, 1934; Marcil and Crawford, 1936) favours tho new that tumours 
situated at the apex of a lung are probably derived from tho epithelium 
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of a bronchus or bronchiole Pancoasfc (1924, 1932) suggested that these 
tumours wero a distinct group mid termed them superior pulmonnrj sulcu* 
tumours In Jus viow and in that of Hendorson (1930) most wero ondo 
tliobomata of the pleura Pancoast thought that tlicso tumours had 
characteristic clinical and radiological appearances but the findings m tho 
present case had little in common with tho criteria of Pnnconst 


Clinical and radiological findings 

A man aged 28, a fat refiner, was admitted to St James’s Hospital, 
Leeds, on 24th Nov ember 1932 For eighteen months ho had had a cough 
which was at no time sovero During tho past six weeks it had become 
worso but was alleviated by medicine A month ago ho had pain botween 
tho shoulder blades , it had novor made him cry out A week later the 
pnm moved into his left shoulder and ho likened it to 11 rheumatism ” He 
sweated profusolj by day and night There was no hcemoptysis nor anj 
known loss of weight Tubcrclo bacilli wore not found in his sputum On 
examining tho chest a rounded fullness was palpated at tho apex of tho 
loft lung Tins area was tender on deep pressure and dull to percussion, 
and breath sounds vero absent in it Wasting of the hand and Homer’s 
syndrome woro not observed 

Radiological examination on ICth November by Dr Wall revealed an 
opacity of uniform density occupying tho loft apox and extending downwards 
to tho level of the neck of tho fifth nb It was defined by a shaiply curved 
border, com exity downwards Tlio opacity contained oval shaped areas of 
lesser density, suggesting cavitation The mediastinal contents wero not 
obviously displaced no destruction of tho ribs was observed 

Tho pationt had considerable fover of intermittent type until 
1st December, after which the temperaturo was novor abovo 101° F During 
tho illness, tho pulso rato ranged botween 110 and 120, and the respiration 
rate botween 26 and 36 Dach of three blood examinations (22nd Nov , 3rd 
and 7th Dec ) showed polymorphonuclear leucocytosis , with total white cell 
counts of 36,000, 48,000 and 46,000 por c mm 

On 24tli Novembor the left apex was explored by Mr Collinson A 
hard moss was felt m the upper lobe of the left lung and repeated attempts 
to aspirate it wero unsuccessful The patient went steadily downhill after 
the operation, though he exhibited tho spes phthisica throughout He 
died on 16th January 1933 


Autopsy findings 

The body was emaciated and unduly pigmented A dense moss of 
rubber like consistence and cream colour was present m the upper third 
of the thorax It had extended beneath tho loft clavicle and it was firmly 
adherent to the thoraoio wall It was intimately related to but had not 
invaded the brachial plexus, whioh was stretched over the summit of the 
growth Externally the tumour appeared to sit upon the apex of the left 
upper lobe and, although intimately bound to the lung, was not apparently 
within it The growth was somewhat nodular and of cream colour, its 
external measurements were 13 cm at the base and 7 cm vertically Section 
of the left lung showed that there was a considerable lntrapulmonary mass 
measuring 10 x 4 5 cm This was irregularly cavitated centrally in an area 
6X2 6 cm The cavity contained pul tac ecus necrotic tumour tissue and 
fluid of the consistence and appearance of thick cream The lung elsewhere 
was tho 8 oat of mild compensatory emphysema, as was the right lung, from 
the surface of which several small bull® projected Although the bronchi 
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of the left upper lobe were traced to the furthest practicable limits, namely 
to branches of 3 mm. diameter or even less, macroscopic ongm of the growth 
from a bronchus was not demonstrated 

Secondary deposits of small size were present in the mediastinal lymphatic 
glands, m a ccehac lymphatic ’gland and m the right kidney cortex (5 mm 
diameter) Both suprarenal glands were destroyed by secondary carcinoma 
The right measured 5x35 cm , the left 10x75 cm Except for the osseous 
system, which was not examined, no other structures, including the bram, 
contamed secondary deposits The heart (7 oz ) was the seat of brown 
atrophy 

Mici oscopical examination 

Twelve blocks of tissue from different areas and representative of the 
primary growth as a whole, together with portions of both suprarenal glands, 
lymphatic glands, kidney, liver and spleen, were examined 

The primary growth m several blocks, especially from the periphery, 
was distinctly anaplastic, being composed of large polyhedral mononuclear 
cells set within thin strands of connective tissue No definite arrangement 
was observed There was also an abundance of multinucleated cells 40-70 / u. 
m diameter, with central hypercliromatic nuclei Some of these cells appeared 
to contain leucocytes, when present in areas widely infiltrated by poly- 
morphs In one area the growth had a glandular appearance Elsewhere 
the growth had the characters of a much de -differentiated squamous cell 
carcinoma Various degrees of anaplasia were observed In two prepara- 
tions from the centre of the mtrapulmonaiy portion of the growth, here 
mainly composed of necrotio material, small islands of unmistakable 
squamous-cell carcinoma were present, contammg lmpeifect epithelial pearls 
Pnckle cells were not demonstrated The secondary deposits were all 
anaplastic, and multinucleated giant cells were plentiful at many points 

Commentary 

A clmical diagnosis of pulmonary abscess was most favoured on account 
of tlio age of the patient, high fever, a cavitated mass with a well defined 
lower border at the lung apex, high polymorphonuclear leucocytosis and the 
absence of tubercle bacilli m the sputum Whilst some of the microscopical 
specimens might have justified a diagnosis of pleural endothelioma, the 
epithelial structuie of the tumour was established and, although the point 
of ongm was no longer demonstrable, it is probable that the growth originated 
from a small branch of the bronchial tree Borst has described a pleural 
endothelioma contammg epithelial pearls but Ewmg (1928) is dubious about 
his diagnosis 
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THE EFFECT OF X-RADIATION ON THE BLOOD 
AND LYMPHOID TISSUE OF TUMOUR-BEARING 
ANIMALS 

J R Clarkson , W V lI,«Nronn and L Dorotux Parsovs 

From the Physics Department and the Research Institute, 

The Royal Cancer Hospital (Free), London, £ II 3 

(plat> xm) 

An attempt was made m this Institute in 103-1 to grow a mouse 
sarcoma (Mai sarcoma 1) in rats and a number or stock, IVistar 
and Middlesex rats were grafted with tlio tumour In nil, CD rats 
were inoculated, in 23 of which the sarcoma grow for a short tune 
before retrogressing, but nftor the 2nd passage tho takes were 
negligible and the experiments were discontinued 

\s stated in a previous paper (Minyncortl and Parsons, 1*137) 
it had been found that general irradiation of mice under treatment 
with a chemical compound — sodium 1 2 r » C dibcuznuthruccnc 
9 10 endo afi succinate (Cook, 1931 )— accelerates tumour formation 
and increases the number of sarcomas induced It was therefore 
thought that irradiated nits might lie less re«i«tanl to inoculation 
with the Mai sarcoma and tho l’X|>erimcnts detailed Moir were 
undertaken 

Recently ClcmuKscn (1*137) has tested the effect of X-radiation 
on rats implanted with mouse sarcomas and has shown that, 
although tho grafted tumour cicntualh retrogre— es m the hetero 
logons aiurnal, act the number of takes is increased, the tumours 
are of larger size and serial piasage-s can lie earned through a longer 
period than in non irradiated animals He mentions that a heava 
niortahtv occurml amongst rats irradiatcrl with 000 COO r and a 
similar mortality was found in the present experiments The 
cause of this high death rate wa-s thirefore Jnv evtig-itssl and « 
jivus » nn-w. im, ai 
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pathological conditions were found in practically all rats succumb ing 
before the 20th day 

X-ray technique. 

The animals were placed in a wooden box partitioned into two sections 
each measuring 17 7 X 13 4 X 18 5 cm (inside measurements). The sections 
could be irradiated in turn, the rats in the section not being irradiated being 
screened from stray radiation by a lead sheet of 1 mm thickness covering 
the partition and a similar sheet placed over that portion of the kd of the box 

The X-ray tube was a Philips “ Metalix ” operated at 160 kv and 4 milli- , 
amperes by a constant potential generator The chrome-iron filter in- 
corporated in the tube was eqmvalent to 0 3 mm of copper No additional 
metal filter was used The beam was limited by a brass cone 8 5 cm in 
diameter at the base, 0 35 cm m thickness and 8 0 cm high The distance 
of the focus of the tube to a point 1 cm above the bottom of the animal 
box was measured before an irradiation and was normally about 31 6 cm 
The dosage rate was checked with a Siemens dosimeter before the exposure 
of every batch of animals It was approximately 30 r mm at this distance 
measured m air A correction of 4 6 per cent , dete rmine d experimentally, 
was made to allow for absorption of radiation m the wooden lid of the box, 
winch was 9 mm thick Under the conditions of the experiment the whole 
of the body of each animal was irradiated 

Other experimental details 

Black and white stock rats (males) of about 100-130 g weight were 
employed and were subjected to X-radiation in varying dosage previous to 
grafting the sarcoma In all, 36 rats were inoculated (table I), and as controls 
a further 13 rats received irradiation only The tumour material was 
mtroduced sub cutem mto the right flank by means of a trochar and cannula, 
the graft measuring approximately 2 mm. cube 


Results 

Rig 1 shows the number of takes and the growth of the tumours 
to the 4th generation When compared with non-irradiated controls 
the number of takes was higher and the tumours larger, yet many 
of the rats irradiated with 300-600 r died from the 5th to the 
12th day after inoculation and many surviving this period succumbed 
before the 20th day It was noted that the feet were blanched and 
the animals appeared to suffer from air hunger. Examination of 
the blood showed a great fall in the number of red cells and in 
the haemoglobin content Animals appearing to suffer from this 
anaemia were therefore lulled when the symptoms developed, and 
certain features both in the blood and in different organs were 
found in most of the animals irradiated above 300 r Rats receiving 
50-100 r remained healthy, only slight falls occurring in their 
red cell counts 

Changes in the blood 

In rats surviving irradiation, the blood showed a slight fall 
in the total red cell count In those dying from the effects of 
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radiation the blood appeared pale and watery Coagulation soonied 
to be delayed, though no estimation of this was made, and the 
resulting clot was of a loose friable nature Tho serum was almost 
colourless 

Red cell count A progressive fall in the number of red cells 
was noticed from the time of irradiation onwards, the final figure 


chant or crovth of Mtnnr sap mm mu chart <r growth or house sarcoma hat i 

IK IRRADIATED RATS IN NON' IRRADIATED RATS 



Fla 1 — Chart allowing number of taker ami extent of growth of moure sarcoma in 
generally irradiated and non Irradiated rats 


in extreme cases being about a million (The normal red cell 
count of 30 untreated rats gate an ai erngo of 7,500,000 per c mm ) 
Films showed extremo poilulocj tosis, pol.i cliromasta and granular 
degeneration of tho erythrocytes, but almost no normoblasts could 
lie found in anj or the films from rats sucoumbing to tho irradiation 
In the sura wore, normoblasts were present in tho blood 3-1 wochs 
later 

II lute cell count Onla a fow leucocyte counts were made Tho 
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usual effect of X-radiation — a leueopema with dimin ution of the 
absolute values of the lymphocytes — was observed In none was 
a leucocytosis present. 


RED BLOOD CELL COUNTS AND COLOUR INDICES OF IRRADIATED RATS 
GRAFTED WITH HOUSE SARCOMA MAL I 



Fig 2 — Chart showing terminal counts of red cells and colour index of irradiated 
rats grafted with mouse sarcoma 


IRRADIATED HATS (CONTROLS*) 

(NOT GRAFTED WITH MOUSE SARCOMA MALI 7 



Fia 3 — Chart showing terminal counts of red cells and colour index of irradiated 
rats not grafted with mouse sarcoma 


Haemoglobin. Estimations were made with a Dare’s hsemo- 
globmomcter, and it was found that a progressive fall occurred 
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which wns not proportional to the decrease m red cells In the 
greater number of rats the colour index till just before death was 
over unity, but m the final stages a profound fall in hfemoglobui 
took placo, and estimates were approximate only, owing to the 
lack of colour in the blood, which assumed a grey-yellow tint 
difficult to match against the standard indicator Figs 2 and 3 
give the total numbor of red cells and the colour index m terminal 
counts of individual rats, and tables I and II show these data in 

Table I 


Changes m irradiated rats grafted with 1 Mai sarcoma 1 


Rat no 

X ray dose 

Length of Jlffe 
(days) D.dled, 
K killed 

Terminal counts. 

Weight of 
spleen (g) 

Liver 

m 

It B C 

OI 

1 


K 13 

10 

1,000,000 

07 

mm 

Fattj 

o 


K 13 

14 

1 200 000 

08 



3 


K 20 

42 

2,000,000 

1 5 



4 


K 20 

06 

6,600,000 

1 3 




G 

COOr 

K 7 

El 

4 500,000 

1 2 


_ 

1 

COOr 

K. 10 

■D 

1,520 000 

04 


Fatty 

7 

000 r 

D 7 

59 

4 000 000 

1 1 


_ 

8 

000 r 

K 13 

79 

3,750,000 

1 5 





000 r 

K 10 

24 

2 250,000 

0 8 


Fatty 

10 

000 r 

K 12 

32 

1,900,000 

1 3 



11 

000 r 

K 15 

89 

6,300,000 

1 0 



12 

000 r 

K 11 

32 

1,000 000 

2 8 


Fatty 

13 

600 r 

K 7 

45 

1,000,000 

2 4 



14 

COOr 

D 14 

44 

4,800,000 

0 7 



15 

600 r 

K 18 

31 

1,700 000 

14 


Fatty 

16 

600 r 

K 18 

HU 

1,300,000 

m 

0 26 


17 

600 P 

K 15 

54 

2,400,000 

1 0 

0 37 


18 

600 p 

D 8 

47 

3,800 000 

09 

0 34 

> 

10 

300 r 

D 11 





Fatty 

20 

300 p 

K 11 

31 

1 800 000 

1 2 


, 

21 

300 p 

K 11 

mi 

8,000 000 

1X1 


— 

22 

300 r 

K 11 

30 

1,600 000 

I 8 


Fatty 

23 

300 p 

K 10 

31 

1,600,000 

1 0 


,, 

24 

300 p 

K 10 

31 

1,600 000 

1 1 



25 

300 p 

K 12 

79 

5,300,000 

1 0 

0 84 

— 

20 

300 p 

K 12 

79 

5,000 000 

1 2 

0 75 

— 

27 

300 p 

K 12 

23 

1,370 000 

1 2 

0 29 

Fatty 

28 

100 p 

K 8 

100 


10 

0 67 


29 

100 r 

K 9 

100 

6 600,000 

1 1 

0 84 

— 

30 

100 p 

K9 

100 

7 100 000 

1 1 

0 89 

— 

31 

100 r 

K 9 

100 

6 200,000 

1 2 

0 07 

— 

32 

50 p 

K 15 

100 

6 000 000 

1 2 


_ 

33 

50 p 

K 15 

100 

5,800 000 

1 2 


— 

34 

60 r 

K 15 

100 

6 800 000 

1 0 


— 

35 

50 p 

K 15 

100 

G 300 000 

1 1 


" 


relation to X-ray dose, length of life, percentage of htemoglobin 
and changes m liver and spleen For convenience all data relating 
to control animals have been included m table II, nos 1-8 and 

jouniT op path — -voi. xlyi F 2 
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no 27 being counts from rats included in the first set of 13 controls 
mentioned above (p 222) Animals found dead and decomposed 
are not included. 

Table II. 


Changes m irradiated non-grafted control rats 


Hat no 

X-ray dose 

Length of life 
(davs) D, died 
K, killed 

Terminal or latest 
blood counts 

Weight of 
spleen (g ) 

Liver 

Hb 
(per 
cent ) 

UBO 

Cl 

1 

600 r 

D 10 

40 

2,100,000 

n 

mm 

Fatly 

2 

600 r 

D 9 

33 

3,200,000 

03 



3 

600 r 

K 13 

57 

2, 500,000 

ED 

Is 


4 

600 r 

K 13 

100 

7,200,000 

1 0 

■H; .v 


5 

600 r 

D 11 


1,000,000 



Fatty 

6 

600 r 

K 11 

31 

2,900,000 

0 8 

0 23 


7 

600 r 

K 11 

37 

5,200,000 

0 5 

0 41 


8 

600 r 

K 11 

23 

1,000,000 

EG 

0 37 

Fatty 

9 

600 r 

K 11 

100 

8,600,000 

0 9 

0 24 



10 

600 r 

K 12 

98 

5,400,000 

EG 

0 18 

— 

11 

600 r 

K 13 

100 

6,300,000 

Ell 

0 24 

— 

12 

600 r + 

K 26 

84 

5,600,000 

111 

0 11 

— 


1,000 r 







13 

600 r + 

K 21 

100 

7,500,000 

1 0 

0 98 

— 


1,000 r 







14 

600 r + 

K 39 


4,600,000 



— 


1,000 r 







15 

500 r + 

K 14 

100 

8,700,000 

0 8 

0 21 

— 


1,000 r 







16 

500 r + 

K. 14 

88 

6,000,000 

m 

0 56 

— 


1,000 r 







17 

500 r + 

K 26 

0 




— 


1,000 r 







18 

500 r + 

D 26 

23 

3,300,000 

0 5 

0 14 

Fatty 


1,000 r 







19 

500 r + 

D 26 

10 

1,600,000 

06 

0 17 

»> 


1,000 r 







20 

500 r 

D 20 


• 



— 

21 

400 r + 

K 17 

100 

5,400,000 

m 


— 


1,000 r 




M 



22 

400 r + 

El 31 

88 

5,260,000 

EE 

0 46 

— 


1,000 r 







23 

400 r 

K. 31 

93 

10,000,000 

0 7 

0 36 

— 

24 

400 r 

K 




02 

— 

25 

400 r 

Alive 






26 

400 r 

99 




• 


27 

300 r 

D 5 

55 

4,600,000 

0 9 

0 98 

— 

28 

200 r 

Alive 56 

100 

7,400,000 

1 0 


— 

29 

200 r 

„ 56 

100 

10,000,000 

U 



30 

200 r 

„ 56 

100 

8,500,000 

tn 



31 

200 r 

„ 56 

100 

4,500,000 




32 

200 r 

„ 56 

100 

8,000,000 

Ey 



33 

200 r 

,, 56 

* 


■ 




Thrombocytes In all films a thrombocytopenia was noticed 
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Changes tn various organs 

Liver Maorosoopioally the livers of all rats dying of or lolled 
for anaemia were of a friable consistency and more or less brown- 
yellow in colour Sections stained with Sudan HI showed advanced 
fatty change, most marked round the centres of the lobules , in 
some cases only a small area of normal liver tissue was left at the 
periphery of each lobule 

Spleen The spleen was always reduced m size and sometimes 
extremely small and it was noted that the atrophy was proportional 
to the fall in the blood count, rats with a moderate degree of 
anrenua or m the earlier stages of the disease having spleens larger 
than those dying with red cell counts of one or two million The 


itnnou 

SPLEENS OF IRRADIATED RATS 


SPLEENS OF NORMAL RATS. 


A. ^ ~ 

>11 


tiift 


Fia 4 — Splccnaof rots(100 I30g Jursdiotod 0OOr erogo weight of IB = 0 35 g 
Spleens of normal rats (100 130 g ), avorago weight of 8 .= 1 2 g X j 


weight of tho spleen in 8 normal rats averaged 1 2 g , tlio aaorago 
weight in irradiated rats (fig 4) was 0 35 g Microscopically , 
the splenic tissuo showed a docreasc in lymphoid elements Tho 
roticulo-ondotholial cells gaao a marked prussian bluo rcaotion , 
an absence of giant colls was noted 

Mcsentenc glands Tho chain of lymph glands lying in tho 
mesentery in close proximity to tho crccum and ascending colon 
was found to have changed from tho normal greyish colour and to 
have developed a dark red tint similar to tho colour of tho spleen 
On seotion theso glands wore found to resemble htomolymph glands 
in structure and gate a marked iron reaction with K^TcfCN), 
and HCI Tho lymphoid tissuo had largely disappeared, leaving 
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open spaces crowded with phagocytic cells loaded with iron-reacting 
pigment and red blood corpuscles In the more chrome cases 
there appeared to be proliferation of the reticulo-endothelial cells 
(figs. 5 and 6) 

Other lymph glands Glands from the groin, axilla, neck and 
mediastinum showed similar changes The lymphoid tissue had 
largely disappeared and the widely distended sinuses were full 
of red blood cells and macrophages loaded with hsemosidenn 


Control experiments 

Further experiments to test the effect of X-rays in producing 
these conditions were carried out m rats, mice and gumea-pigs 
■without inoculation of any tumour 

1. Bats Twenty-four stock rats (nos 9-26 and 28-33 m table II) 
were irradiated m batches of 6 with 600, 500, 400 and 200 r 
respectively Those receiving 200 r remained healthy and their 
red cell counts varied but slightly from the normal, only one 
showing a count diminish ed to 4,500,000 red cells, but an unaltered 
Hb content (colour mdex 1 6) 

Two of the rats receiving 400 r were given 1000 r m addition 
and showed red cell counts of 5,400,000 and 5,250,000, but with 
Hb values of 100 per cent and 88 per cent respectively None of 
these 6 rats died but 4 were subsequently killed — two after the 
initial dose of 400 r and two after 400 r + 1000 r — when their 
spleens were found to be atrophied with an average weight (in 
3 animals) of 0 3 g 

Of the 6 rats receiving 500 r one died on the 20th day and was 
found too decomposed for section The remaining five received a 
second dose of 1000 r , two dying with blood counts of 3,300,000 
and 1,500 000 red cells and Hb of 23 and 10 per cent Their spleens 
weighed 0 136 and 0*17 g and the mesenteric glands showed marked 
changes The remaining three rats were lolled and no considerable 
changes were found on examination 

Three of the six rats receiving 600 r had subsequently a second 
dose of 1000 r Two of these showed a moderate fall m then 
red cell count, but when killed all six showed very sbght changes 
m liver and glands 

No explanation can be given of the failure of X-radiation to 
cause death of most of the animals in this series, three only dying 
out of twenty-four. 

General irradiation "with 1200 r caused death in 4-5 days 
Five Wistar rats receiving this dose were found dead before bloo 
counts could be taken and were in too decomposed a state for 
section Marked atrophy of lymphoid tissue was noted, howei er, 
only vestiges remaining in the mesentery'. 
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2^ Mice These animals seemed more resistant to the effects 
of X-rays than rats and larger doses were used Lethal doses 
were first employed, 1200 r causing the death of 20 mice in 
3-5 days with symptoms of paralysis of the hind quarters 
Blood counts showed in only one case a fall of the red cells to 
3,000,000 (from the normal 8,000,000), six others giving only slightly 
diminished counts, but no fall in Hb was observed m any of the 
mice The other mice showed increased rod cell counts, and os 
they, hke other generally irradiated animals, suffered from diarrhoea, 
the possibility of increased viscosity of the blood was entertained, 
but no estimations were made Sections of glands, however, 
showed a change similar to that in irradiated rats, this being most 
marked in the glands of the grom and neck No iron reaction 
was found in the thymus The average weight of the spleen was 
0 05 g (normal mouse spleen 0 16 g ) Of 10 stock mice irradiated 
with 1000 r , 4 died in 7-11 days In two of these, red cell counts 
were obtained of 1,000,000 and 5,000,000 before death, with a 
Hb content of 10 and 50 per cent respectively The spleens 
weighed 0 05, 0 06, 0 06 and 0 07 g Livers and kidneys showed 
marked fatty ohanges 

3 Guinea-pigs Six guinea-pigs irradiated with a lethal dose 
of 1500 r were found dying on the fith day, and 4 irradiated with 
1000 r also died within the same period No blood counts wore 
taken The spleens averaged 0 155 g as compared with the 
normal weight of 0 8 g for a guinea-pig of 300 g Natty changes 
were advanced in the liver and kidneys, the lymphoid tissue was 
generally diminished and the prussian blue reaotion was given by 
the mesenteric glands 

CiscussroN 

From the foregoing details it appoars that death of the 
experimental animals was due to general irradiation and its far- 
reaching effeots on the hamopoietio tissues Li the case of the 
rats a Bartonella infeotion was suspectod, but this was negatived 
by tho following facts (a) No Bartonella organisms wore found 
in any of the experimental animals (i) No lencoeytoms was 
present ns is usual in this infection Tho irradiation, however, 
may have prevented multiplication of the white colls (c) Tho 
same condition of aniemia and tho snmo pathological changes m 
the glands, liver, ladnojs and spleen occurred also in mice and 
cuinoa-pigs whon subjected to general irradiation (d) With 
smaller dosos of X-rays up to 300 r no mortality occurred amongst 
the rats Had Bartonella boon latent in these animals it seems 
probable that some at least would have succumbed to tho infection 
(e) Bats which remained licalthv after general irradiation and 
wore ithen subjected to a second lethal doso of lOOOr showed m 
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two cases sudden fatal anaemia consequent on the second dose. 
Had Bartonella been present it is probable that they would have 
succumbed to the initial irradiation of 500 r 

A similar reaction with the appearance of profound anaemia and a fall 
to approximately the same level of red cell counts and Hb content as in 
general irradiation of rats has occurred m Amsterdam in patients with 
inoperable cancer subjected to general irradiation (personal communication 
by Dr Levine) Haemorrhages from the mucous membranes were a feature 
of these cases, as in persons suffering from profound blood changes Mallet 
(1936) reports, in general irradiation of cancer patients, that the effect on 
the red cells is to cause a drop in the total number, often to 2,600,000, at 
which point it is advisable to defer treatment, and states that 10 per cent 
of patients treated by this method showed symptoms of intolerance 
characterised by haemorrhages and altered coagulation of the blood In 
one case death supervened It is also noteworthy that Gendreau and 
Pmsonneault (1937) describe the case of an X-ray worker suffering from a 
progressive anaemia in whom the red cell count fell before death to 1,632,000 
per c mm with Hb content of 40 per cent Histological examination 
showed fatty degeneration of the liver, diminution m the lymphoid tissue 
with numerous macrophages in the sinuses of the glands and spleen, 
and a marked iron reaction in the spleen with proliferation of the reticulo- 
endothelial cells 

Murphy and his collaborators (Murphy, 1926) have noted that irradiation 
causes a diminution m the number of lymphocytes m blood counts from 
experimental mice, and this has been interpreted as implying a break-down 
in the defensive mechanism of the lymphoid tissue, whereby tumour formation 
is favoured. 

The erythrocytes of rats also appear to be greatly affected by 
lethal doses and no attempt at regeneration seems to take place 
except in animals which survive and in which noimoblasts are 
to be found ui the blood some 3-4 weeks after irradiation In 
rats dying from the 6th to the 26th day the appearance of the 
anaemia is sudden, and the condition rapidly fatal The animals 
die within a few hours though apparently well up to this point- 
Frequently rapid decomposition prevented examination of the 
organs and no terminal counts were taken So rapid is the change 
that the red cell count, which falls but slowly in the first few days, 
falls m a few hours to one million or less, the terminal Hb estimations 
also declining with great rapidity and blood platelets disappearing 
from the blood This condition is accompanied by equally rapn 
structural changes m the lymphoid tissue of the body, excep 
that the thymus gland has not been noticed to show alteration 
beyond cloudiness of the cells and more faintly staining properties. 
The greatest change occurs in the mesenteric lymph nodes runrnng 
up the ascending colon from the crecum, and of these the g an 
at the junction of ccecum and colon appears most affcctec 
Examination of the mesenteric glands from non-irradiatcd animn s 
has in all cases shown normal lymphoid tissue and no excess o 
the xeticnlo-endothelial elements other than those usually seen m 



X RADIATION AND LYMPHOID TISSUE 231 

the interstices of the glands , in no case was the prussian blue 
reaction given But m animals dying from the effects of general 
irradiation, as m those surviving large doses and killed for examina- 
tion, the retioulo-endothelial oells of the mesenteric nodes appear 
to have undergone proliferation at the expense of the lymphoid 
tissue, and a marked iron reaction is given This disappearance 
of lymphoid tissue corresponds with the leucopema apparent after 
irradiation, and the excess of reticulo-endothehal cells is probably 
the response to blood destruction taking place m the animal’s 
body, the phagooytes being loaded with red oells and hiemosidenn 
and the general structure of the glands somewhat resembling that 
of the spleen Both macroscopically and on seotion there seems 
to be a transformation of the normal lymph nodes into hmmolymph 
glands concerned with the disposal of broken down red cells In 
the rat, hsemolymph glands oocur along the renal vessels and along 
the splenic artery between spleen and stomach (Lewis, 1903) But 
examination of normal mesenteno glands in the osecal region reveals 
no hiemolymph structure, and it is only under the influence of X-rays 
(and, as will be seen later, under the aotion of a chemical compound) 
that this ohange becomes apparent Not only the mesenteno 
lymph glands but also those of the groin, axilla and thorax show this 
transformation 

The fatty change in the hver and kidneys of generally irradiated 
animals would seem to be secondary to the profound ansemia and 
similar to conditions found m anaemias from other causes The 
atrophy of the spleen which is known to oocur m irradiated animals 
(Colwell and Buss, 1924) was a marked feature m the rats, mice 
and guinea-pigs subjected to general irradiation in these experiments 

The increased growth of the mouse sarcoma grafted into 
irradiated rats as compared with that grafted into non-irradiatcd 
rats suggests certain possibilities It has usually been observod 
that animals in poor condition or suffering from mtorcurront 
disease respond feebly to a grafted tumour, the growth of which 
is generally slow or the grafts may fad to take But, as lias been 
shown by Furth ct al (1933) and by Clommesen (1937), irradiated 
rats and mice arc more suscoptiblo to the induction of tumours 
than non-uradiated, and tho tumours attain a largor size Tlio 
irradiated body appoars to provido a more suitablo environment 
for tumour growth This applies equally to hotcrotransplantcd 
transmissible tumours and to tumours produced oxporimontally 
by injection of a chemical compound The obvious pathological 
change produced by X-rays is one affeotmg tho lucmopoiotic system 
by whioh tho supply of lymphocytes is lessoned, tho rod colls tend 
to be destroyed, unmasked iron is doposited m tho tissues and 
the supply of oxy’gon is presumably defective It is suggested 
thot tlus deficiency m oxygon may be one of tho fnctors necessary 
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to tumour growth Strong (1936) and Strong and Francis (1937) 
have also described a pre-malignant condition m dilute brown 
mice and in the Strong A strain, winch develop carcmoma in 
old age, pointing out that prior to the appearance of the tumour 
a fall occurs in the Hb and blood protem levels. Non-susceptible 
mice such as the CBA do not show this fall S imil arly Orr (1937) 
is of opinion that ischsemia is conducive to the production of a 
malignant change in tissue 

The possibility that progressive blood destruction m the tissues 
is antecedent to tumour formation and a predisposing factor has 
"been supported by experiments on an inbred strain of mice, the 
dilute brown An attempt to obtain an experimental sarcoma 
in 10 of these mice by injection of the derivative of 1 2 5*6- 
dibenzanthracene named above proved unsuccessful, although 
doses of 0 25 c c of a 0 4 per cent solution were given thrice weekly 
for 218 days The experiments were discontinued owing to 
infectious disease amongst the animals, the survivors bemg killed 
On examination none gave evidence of tumour formation at the 
site of injection In a second series, twenty mice of the same 
strain were employed, 15 of which had, previous to treatment with 
the compound, received general X-radiation in a single dose of 
550 r As in the first series, these and 5 non-irradiated controls 
were injected with similar amounts of the compound The irradiated 
mice developed six tumours before the 225th day, the earliest 
obtained bemg on the 123rd day Only one tumoui has occurred 
amongst the 5 non-irradiated mice, which was first noticed on the 
225th day. Fig 7 shows the incidence of tumour formation in 
relation to tune, the two series bemg combined for convemence 

The tumours obtained in the generally irradiated mice were 
all similar m type, being slow-growing sarcomas with a dense 
hard structure and scanty blood supply, which when grafted into 
other mice of the same stram gave 50 to 80 per cent of takes 
The tumour obtained from the non-irradiated mouse was encapsuled 
and contained soft liEemorrhagic tissue, which on grafting into the 
dilute browns gave 100 per cent, of takes 

Examination of the lymph glands of the irradiated mice bearing 
these primary tumours showed iron-reacting deposits m the reticulo- 
endothelial cells It was felt that possibly this change might be 
due to the irradiation received some months previously, but this 
was not supported by the fact that the lymphoid tissue of the 
non-irradiated mouse from which the lisemorrhagic tumour was 
obtained also showed abundant iron-reacting deposits Further, 
two non-irradiated mice of the CBA stram and one ordinary stock 
mouse vliicli developed sarcomas after several months’ treatment 
with the compound also showed considerable breaking down of 
blood m the lymph glands throughout the body Mice and rats 
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treated with the chemical compound and killed at intervals during 
the latent ponod before tumour formation have also been examined 
Iron-reacting deposits Here found m the lymph glands of these 



Fig 7 — Chart showing incidence of tumours in a senes of inbred mice undergoing 
treatment with a domain o of 1 2 5 G dibenzonthraceno Each vertical 
Ima represents tho duration of lsfo of ono mouse up to tho data of dotcction of 
the tumour (black) or to tlio date when tho mouse died or was killed Tho 
dotted horizontal line at the 225th dft> senes to facilitate comparison 

animals Normal controls ore also being examined for similar 
changes, but so far, with the exception of ono mouse which showed 
traces of iron in the groin glands, no endenco of breaking down of 
blood has been obtained 
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Further investigations as to the presence of anaemia m animals 
suffering from spontaneous malignant growths and m those under- 
going injections with the sarcoma-producing compound are being 
undertaken, with special reference to the abnormal presence of 
iron in the tissues prior to tumour formation and any evidence of 
a slow and hidden blood destruction 

Summary. 

1 The growth of a mouse sarcoma m generally irradiated rats 
was found to be more rapid and the tumour of larger size than in 
non-irradiated animals Grafts into successive generations showed 
a higher percentage of takes m the irradiated rats than in the 
non-irradiated 

2 Investigation mto the cause of the mortality of irradiated 
animals showed that general irradiation produces a diminution in 
the lymphoid tissue throughout the body, and in lethal or sub-lethal 
doses causes marked anaemia with structural changes in the lymph 
glands — more particularly the mesenteric, fatty changes in hver 
and kidneys and atrophy of the spleen 

3 The structural changes in the lymph nodes appear to convert 
these from normal lymph into haemolymph glands concerned with 
phagocytosis of red cells 

4 The deposit of iron in the tissues of X-rayed animals and 
in those bearing primary tumours is discussed with special reference 
to the blood destruction found m the lymphoid tissue of irradiated 
and non-irradiated mice developing sarcomas after treatment with 
a chemical compound 

We are much indebted to the International Cancer Research Foundation 
for a personal grant to one of us (L D P ), and to the British Empire Canoer 
Campaign for grants which have supported this investigation 
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of a parenchymatous degeneration in which groups of tubules atrophy and 
disappear, leaving scar-like areas of fibrosis m their place. Other tubules 
become distended with albuminous coagulum so that the kidney as a whole 
is distorted with its surface pitted and granular (fig 1). In the more severe 
cases secondary changes such as hyaline degeneration of the glomeruli and 
arterioles may appear, and many glomeruli may be totally destroyed and 
obliterated Even the arteries may appear thickened and tortuous, so 
that practically all the histological features of a human chrome nephritis 
may be reproduced. The condition offers an excellent opportunity for the 
study of fibrous tissue formation since it entails a replacement fSnosis, 
which can be followed through its different stages of development by 
lolling off the animals at different periods 

The material upon which this study is based comprised more 
than 300 rats taken at various stages of the disease from the sixth 
to the six hundredth day, and showing various degrees of renal 
destruction. 


Observations on the fibrotic 'process 

The development of the fibrosis is most easily followed in the 
renal cortex because there the interstitial tissue normally consists 
of httle more than a dehcate framework of reticulum, occupying 
a minimum space between the tubules Collagenous material is 
seldom seen except m relation to the glomeruli and blood vessels, 
and when any appears amongst the tubules it may be regarded 
as pathological In the medulla the interstitial tissue is normally 
more plentiful and mixed in character, consisting of both collagen 
and reticulum, so that to distinguish new-formed collagen from the 
original interstitial tissue in tlus region is less easy. For the study 
of interstitial tissue in the kidney I have found the Bielschowsky- 
Foot technique, using van Gieson as a counterstain (Foot and 
M&nard, 1927), the most valuable. 

In the rat nephritis interstitial fibrosis arises by two different 
processes, one consisting of a condensation and transformation 
of the original reticular framework of the ki dn ey, the other of an 
actual new formation of tissue The first process may be described 
in a few words When tubules atrophy and disappear the network 
of reticulum winch encloses them collapses so as to form dense 
masses of fibrils in which endothelial and other cells, including 
degenerate remnants of epithelium, may be crowded together 
(figs 2 and 3) In sections stained with haemalum and eosin, 
such masses have the appearance of fibrous scars, but with special 
connective tissue stains they are usually shown to contain no 
actual new formation of tissue, merely a change in the arrangement 
and distribution of the old It is only in the later stages of this 
process that collagen appears, and then it seems to arise simpl y 
by a transformation of the reticulum fibres In the early stages 
these fibres remam distinct and discrete, but later they lose their 
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of a parenchymatous degeneration in which groups of tubules atrophy and 
disappear, leaving scar-like areas of fibrosis in their place Other tubules 
become distended with albuminous coagulum so that the kidney as a wholo 
is distorted with its surface pitted and granular (fig 1). In the more sovero 
cases secondary changes such as hyalme degeneration of the glomeruli and 
artcnoles may appear, and many glomeruli may be totally destroyed and 
obliterated Even the arteries may appear thickened and tortuous, so 
that practically all the histological features of a human chrome nephritis 
may bo reproduced The condition offers an excellent opportunity for the 
study of fibrous tissue formation since it entails a replacement fibrosis, 
■which can bo followed through its different stages of development by 
killing off the animals at different periods 

The material upon which tins study is based comprised more 
than 300 rats taken at various stages of the disease from the sixth 
to the six hundredth day, and shoving various degrees of renal 
destruction. 


Observations on the fibrotic process 

Hie development of the fibrosis is most easily followed in the 
renal cortex because there the interstitial tissue normally consists 
of little more than a dehcate framework of reticulum, occupying 
a minimum space between the tubules Collagenous material is 
seldom seen except, m relation to the glomeruli and blood vessels, 
and when any appeals amongst the tubules it may be regarded 
as pathological In the medulla the interstitial tissue is normally 
more plentiful and mixed in character, consisting of both collagen 
and reticulum, so that to distinguish new-formed collagen from the 
original interstitial tissue in this region is less easy. For the study 
of interstitial tissue in the kidney I have found the Bielschowsky- 
Foot technique, using van Gieson as a counterstain (Foot and 
Menard, 1027), the most valuable 

In the rat nephritis interstitial fibrosis arises by two different 
processes one consisting of a condensation and transformation 
of the original reticular framowoik of the kidney, the other of an 
actual new formation of tissue. The first process nuiy be described 
in a few words When tubules atrophy and disappear the network 
of reticulum which encloses them collapses so as to form dense 
masses of fibrils m which endothelial and other cells including 
degenerate remnants of epithelium, may be crowded together 
(fig., 2 and 3) In sections stained with luemalum and cosin, 
such mn*-«es have the appearance of fibrous scars, but with special 
connective ti**uc stain* they are usually shown to contain no 
actual urn formation of tissue, merely a change in the arrangement 
and di-tributiou of the old It is only in the Jatcr stages of this 
prove-* tint collagen appear* and then it seems to an-o simply 
b\ a transformation of the reticulum fibre-.. In the early '•tapes 
she-'' fibn*-. remain distinct and discrete, but later they lose their 
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substance is itself changed into collagen and actually forms the 
new connective tissue 

In the presence of this change, the reticulum fibres may at 
first remain distinct, although they are usually separated into 
finer strands by infiltration of the hyaline ground substance mto 
their interstices. Later, when the ground substance has become 
condensed and pmk-staming, they tend to lose their argyrophil 
character so that they also take the pink of the van Gieson and 
are no longer clearly distinguishable from the rest of the interstitial 
substance (fig. 6), except for the somewhat fibrillated appearance 
which they sometimes impart to it Thus in the end both the 
original reticulum and the new-formed ground substance combine 
to form pink-staining masses of collagen 

The relationship of this process to the interstitial cells is the 
point on which my attention has been especially focussed In the 
early stages of the nephritis there is sometimes, along with the 
oedema, an infiltration of round cells into the tissue spaces as well 
as an increase of endothelial and other cells, and the question 
whether any of these are responsible for the new formation of 
connective tissue is the mam issue The answer can as yet only 
be offered as a matter of opinion, but there would seem to be little 
reason to regard the two as essentially related Although the 
cellular increase and the new formation of tissue may often coincide, 
their relative proportions are by no means constant and in fact the 
interstitial substance is often found m greatest quantities when 
there are few cells (fig 5) It is true that the cells and fibrils are 
often arranged m a rough alignment such as might suggest that 
they are growing in conjunction, and Wolbach (1933) has cited tins 
common feature as evidence in favour of the cellular hypothesis, 
but the arrangement is m my opinion of httle significance The 
fibril formation is due in the first place to the original reticulum, 
which, although it becomes dedifferentiated so far as staining is 
concerned, retains its fibrillary form, and the cells which he amongst 
it will naturally adjust themselves to tlus by arranging themselves 
in alignment with the fibrils The hyaline ground substance 
which seems to form the basis of collagen is a homogeneous material 
apparently diffused through the tissues and more like a fluid 
infiltration than a formed product of any particular cell or group 
of cells Its nature is unknown, but everything in its appearance 
seems to suggest an inflammatory or degenerate product of an 
exudative character. 

Further light oil fibrous tissue formation is sometimes afforded 
by the glomerular degeneration which appears m the more severe 
ca^es Many of the glomeruli are totally destroyed and their 
ultimate state is fibrosis They first undergo a kind of hyaline 
degeneration, their capillary walls becoming swollen and fused 



Fio 5 — Kidney of rat winch recei\ ed KaH,P0 4 
and 40 000 units of calciferol for 25 dajs 
and subsequently li\ed 101 dajs Tlio 
interstitial spaces are swollen with hyaline 
material Hromalum nrnl eosm x 200 



I-m 7 — Some case os in fig •! showing hvahnp 
degeneration of a glomerulus y 200 


Fia 6 — Same case as in fig 3 showing an area 
of dense fibrosis probably representing a 
destroyed glomerulus The reticular fibres 
at the margins of tho area are stained black 
with silv er but in tho area itself tlio\ aro no 
longer differentiated \ 200 



Fir 8 — Ivi<lni\ of ml which received JvaHjPOj 
and 40 000 units of taleiftrol for 27 dn\H 
nnd subsequent l> lived r »0 dij* showing 
n g!am« niliis nnd its arterioles lompletolv 
fibrosed Ifn nuilum and cosm /c2o() 
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and thoir capsular spaces obliterated Later, their cells fade and 
disappear until nothing is left but masses of hyaline material (fig 7) 
At first these stain yellow with van Gieson but later they take a 
pink colour, so that they have the appearance of collagen For a 
time these remnants of glomeruli remain dearly distinguishable 
as dense fibrous bodies (fig 8) having a somewhat convoluted 
internal structure, but later they shrink and become more compact 
while their outlines become less distinct, until finally they merge 
with the surrounding connective tissue and are lost In this 
process there is no sign of any romoval of tissue or substitution, 
simply a dedifferentiation and transformation into collagen 

A similai process may sometimes be seen m degenerate arterioles 
and even in tubules When the tubules atrophy they collapse 
and form sobd cords of cells wluch gradually disappear There is 
nothing to suggest that their disappearance involves phagocytosis 
or absorption The cells merely lose their nuclear staining and, 
beoommg homogeneous, take first a yellow and later a pink colour 
with van Gieson Ultimately they become uniformly pink bo that 
they are no longer distinguishable from the surrounding interstitial 
tissue, and thus it would seem as if the cytoplasm were itself 
actually changed into collagen Apparent^ therefore degenerate 
tissue of almost any kind, including destroyed glomeruh and atrophic 
epithelium, may provide the material from which fibrous tissue is 

formed _ 

Discussion 

Since the middle of last century the current views on connective 
tissue formation have been strongly influenced by the cellular 
hypothesis Some authonf^ have h^d 

mtercdSfrabLnce which is itself a secretion of the cell but 
ne trly all have agreed in regarding the cell as the essential tissue 
Tt is only recently that the idea of connective tissuo 
aramg from a substance of non cellular origin has been to any 

extent entertained , 

_ , Q1 n TTnrtzler concluded from a study of orgnmsation m tho pentonoum 
In 1910 H formation was comparable with fibrin formation in blood 

no active part m tho process Later Baiteol. 
coagulation, w transformation of fibrin into connective tissuo in wound 

( 19 16) described ftetransfo™ ^ ^ ^ ^ ^ ^ {m6) 

organisation fon £ at]0rl )n tll8 piosma medium in tissuo cultures Alfojow 
Harrison (1924 2S) considered that fibres, in embr} omc dovolop 
(1925 25) nn amorphous ground substance without any direct connec 

ment, an ^ and Foot Day (1025) suggested that fibre formation in 
tion wltll __ -omotlung m the nature of n prcoipitotion or accretion in tho 

tumours w»a — * - - ♦ ’ * - • • • « 


1X00 Uulor ground substance Tins has been largely corroborated. bj 
jnterce #jq 28) from bis observations on tissuo culture In a study 
*?*«rve regeneration Nngcotto (1022) concluded that various materials 
° f i ding dead and degenerate tissues and colls may go to tho formation of 
mC 4 onur or rint^rou xtrr Q 2 
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collagenous connective tissue, and recently Day (1936) has ventured the 
suggestion that the oedema fluid may provide the natural substrate for 
the fibrous tissue formation which occurs in chrome lymphatic obstruction. 
Further support has been lent to the non-cellular theory by the work on 
tissue culture of Doljanski and Roulet (1933) and von Jeney and Toro 
(1936-37) These writers have described fibres developmg m the culture 
medium at parts distant from the living cells and have concluded that their 
formation is a colloidal chemical reaction rather than a cytological one. 
The latter authors believe that a specific substance, probably identical with 
ascorbic acid, is the essential agent in this reaction 

There is thus a considerable body of opinion favouring the 
non-cellular theory of connective tissue formation , nevertheless, 
m so far as the pathology of renal disease is concerned, the cellular 
hypothesis still prevails, and most authorities regard interstitial 
fibrosis as a proliferative phenomenon 

While it is admitted that histology may mislead there are 
some points of evidence in the rat nephritis which it would seem 
fairly safe to accept There is evidence for example that fibrous 
tissue is formed by a transformation of the original reticulum 
It is generally acknowledged even by observers who adhere to the 
cellular hypothesis {eg. Mallory and Parker, 1927) that such a 
transformation may occur, and there are in fact many authorities 
who regard reticulum as the natural precursor of collagen This 
alone is strong evidence against the cellular hypothesis because, 
as has been pomted out, the fibrosis in milder cases of the rat 
nephritis may be nothing more than a condensation and de- 
differentiation of the original reticulum In the more severe cases 
the obhteration of glomeruli is a simple fibrous transformation in 
which the cells seem to play an entirely passive role Thus, leaving 
all other pomts out of consideration, there is evidence enough that 
renal fibrosis may occur independently of cells. There is no doubt 
that other processes may contribute, and I have described above 
a hyaline ground substance which I regard as the basis of much 
of the new formation of collagen, but as yet little is known of the 
nature of this ground substance and the question of its importance 
m tissue formation is left for further investigation The important 
point m the rat nephritis is the total absence of evidence that 
connective tissue arises from any particular cell, or that it depends 
on the proliferative activity of any cells. All the evidence on 
the contrary seems to point to the fibrosis as a degenerative or 
retrogressive phenomenon rather than a proliferative one 

In describing this experimental lesion in rats I have used the 
term “ nephritis ” because I regard the changes as diff ering m no 
important essential from those seen m certain types of the human 
disease bearing that name The two lesions correspond histologically 
there seems no reason to suppose that they differ in their mode 
nt In tlie rat nephritis fibrosis appears to be the 
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natural process thereby the kidney disposes of tissues which aro 
no longer serving their natural purpose, and in now of tins it would 
seem that the prevailing conception of interstitial nephritis as a 
reaotive cellular change requires to be revised 

Conclusions 

The development of pathological fibrosis has been studied in 
an experimental nephritis in rats produced by the oral administration 
of acid sodium phosphate and calciferol 

No endence has been found to support the cellular theory of 
connective tissue formation or to suggest that interstitial cell 
proliferation is an essential factor in renal fibrosis 

Renal fibrosis seems to be produoed mainly by the collapse and 
condensation of the original interstitial framework of the kidney 
around atrophic tubules with subsequent transformation of the 
reticulum and other tissues into collagen 

In some cases an infiltration of a hyaline ground substance 
into the tissue spaces is seen and this also appears to form tho 
basis of new connective tissue formation 

All the evidence seems to poult to renal fibrosis as a degenerative 
or retrogressive rather than a proliferative phenomenon 

Part of this work was assisted by a grant from the Medical Research 


Council 
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collagenous connective tissue, and recently Day (1936) lias ventured tlio 
suggestion that the oedema fluid may provide tlio natural substrate for 
the fibrous tissue formation which occurs in chrome lymphatic obstruction. 
Further support has been lent to the non-cellular theory by the work on 
tissue culture of Doljanski and Roulot (1933) and von Jcnoy and T6r6 
(1936-37) Tlieso writers ha\o described fibres developing in tlio culturo 
medium at parts distant from the living cells and have concluded that their 
formation is a colloidal chemical reaction rather than a cytological one. 
The latter authors believe that a specific substance, probably identical with 
ascorbic acid, is the essential agent in this reaction 

There is thus a considerable body of opinion favouring the 
non-cellular theory of connective tissue formation , nevertheless, 
in so far as the pathology of renal disease is concerned, the cellular 
hypot hosts still prevails, and most authorities regard interstitial 
fibrosis as a prohferative phenomenon 

While it is admitted that histology may mislead there are 
some points of evidence in the rat nephritis winch it would seem 
fairly safe to accept There is evidence for example that fibrous 
tissue is formed by a transformation of the original reticulum 
It is generally acknowledged even by observers who adhere to the 
cellular hj^pothesis (e g Mallory and Parker, 1927) that such a 
transformation may occur, and there are in fact many authorities 
who regard reticulum as the natural precursor of collagen This 
alone is strong evidence against the cellular hypothesis because, 
as has been pointed out, the fibrosis m milder cases of tho rat 
nephritis may be notlung more than a condensation and de- 
differentiation of the original reticulum. In the more severe cases 
tho obliteration of glomeruli is a simple fibrous transformation m 
which tho cells seem to play an entirely passive role. Thus, leaving 
all other points out of consideration, there is evidence enough that 
renal fibrosis may occur independently of cells. There is no doubt 
that other processes may contribute, and I have described above 
a hyaline ground substance which I regard as the basis of much 
of the new formation of collagen, but as yet little is known of the 
nature of this ground substance and the question of its importance 
in tissue formation is left for further investigation The important 
point in the rat nephritis is the total absence of evidence that 
connective tissue arises from any particular cell, or that it depends 
on the prohferative activity of any cells All tlio evidence on 
the contrary seems to point to the fibrosis as a degenerate o or 
retrogressive phenomenon rather than a proliferative one 

In describing this experimental legion in rats I have u«ed the 
term ** nephritis ’’ because I regard the changes as differing in no 
important e^-milkd from tho«e seen in certain types of the human 
d.‘ ■*»*•«* hearing that name. The tw o lesions correspond histologically 
and there H.*cm*> no reason to ‘•oppose that they differ in their mode 
of development. In the rat nephritis fibrosis appears to lie tho 
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THE ACTION OF SODIUM POLYANETIIOL SUL- 
PHONATK (“ LTQUOID ”) ON BLOOD CULTURES 

T von JUliilvii and A A Mimics 

From the Department of Pathology, British Postgraduate 
Medical School , London 

Tin untioougnlnnt “ Liquoid," * n synthetic polymer of sodium aiiothol 
sulphonato, lias boon used on iho oonlmonfc ns nn adjuvant to blood culturo 
for tho past fivo y oar* 

It in report od lo bo it stablo compound, unoluingod by boating or by thn 
notion of dilute acids mul nlknbs • nfc least 11s ofTcctivo as hirudin us nn 
anticoagulant, noting m thin capacity ns otlior aromatic compounds of high 
molecular weight, ant (complementary and destructive of tho bftfltonoiclal 
powor of human, rabbit and guinea pig blood, tho latter ofTcot being duo 
in part to tho inhibition of Iho p lysinH of tho sorum (Raliistmi, 1032 , Do 
Antoni and Cartnlnn, 1033, both quoted by Gnhohess, 1030, van dor 
JToeden, 10*17) By its notion, fresh blood is convorlod into a favourable 
culture medium for a largo numbor of micio organisms, including B nnthracis , 
Ttr mehtensis and abortus, II influenza , L tctcrofucmorrhagur, jv gonorrfuvco 
and wicmnpi/idt*, Staph aureus and dibits, Str hccmolt/licus, pneumonia: and 
1 nrldans Tho cob typhoid organisms arc also favoured, hut not so con 
mntontly (KardoR, 10*10 , Mason and Bnttistim, 10*14 , Niosner nnd Volonrovn, 
1034 , Friedmann, 1030 Sgalitror, 1030, Grihohoss, 1035, Gam and 
Sogliani, 103(1, quoted hy van dor ITocricn, 1037) Liquoid may bo added 
directly to withdrawn blood or incorporated into liquid culturo media in 
concont rations of 0 1-0 2 par cent 

Tins papor icpoits an investigation of tho notion of hqtioirl in 
modifying tho capacity of dofibnnatod normal human blood lo 
support tho grow th of patliogomo baotona, with a viow to assessing 
its value as an anticoagulant for uso in routino blood oulture 

Material* and methods 

Tho strains of bacteria used in tho testa were, w litre possible, freshly 
isolated Tho n ccntlj isolated and stock strains woro all S forms 

Tho following cultures wore used li nnthracis, NOT G 109, recent 
guinea pig pnssago Bacl typhosum rejuvenated Rawlings strum Bad 
fncdllindcri , NO TO 201 Bactcroides Htmln , Gramnegutlva non 
pathogenic obligato anaerobe from normal human fitcos Br mehtensis 
Palestine, Younov itch 0 Cl addin NCTC IlsoherKvi H influenza' , 
Strnker LOO, equivalent to Pittman's smooth form II ]mra influenza t 
7901, from fatal caso of endocarditis IV meningitidis , strain 1, N CT C 3712 , 
strain 2, Cl CO freshly isolated from C 8 1 N gonorrhoea} , strain 1, SG213 


• Li a U oitl Jr tho proprietory name given to this compound In its manufacturers 
Memni Hoffmann Ln llorlio 
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THE ACTION OE SODIUM POLYANETHOL SUL- 
PHONATE (“ LIQUOID ”) ON BLOOD CULTURES 

T von Haebleh and A A Miles 

From the Department of Pathology, British Postgraduate 
Medical School , London 

The anticoagulant “ Liquoid,” * a synthetic polymer of sodium anethol 
sulphonate, has beon used on the continent as an adjuvant to blood culturo 
for the past five years 

It is reported to bo a stable compound, unchanged by heating or by the 
action of dilute acids and alkalis at least os effective as hirudin as an 
anticoagulant, acting in this capacity as other aromatio compounds of high 
molecular weight , anticomplementary and destructive of the bactericidal 
power of human, rabbit and guinea pig blood, the latter effoct being due 
in part to the inhibition of the 0 lysins of the serum (BattiStim, 1932 , Do 
Antoni and Cartalan, 1933, both quoted by Gnlichess, 1935 , von dor 
Hoeden, 1937) By its action, fresh blood is converted into a favourable 
culture medium for a large number of micro organisms, including B anthracis, 
Br mehtensts and abortus , B influenza:, L iclerohoemorrhagiCB, N gonorrhoea 
and meningitidis, Staph aureus and albus, Str hcemolyticus, pneumonia ? and 
mridans The coh typhoid organisms ore also favoured, but not so con 
sistently (Kardo3, 1930 , Massa and Battistmi, 1934 , Niesner and VolencovA 
1934 , Friedmann, 1935 Sgalitzer, 1935 , Gnlichess, 1935 , Gara and 
Sogliam, 1936, quoted by van der Hoeden, 1937) Liquoid may be added 
directly to withdrawn blood or incorporated into liquid culturo media in 
concentrations of 0 1-0 2 per cent 

This paper reports an investigation, of the action of liquoid m 
modifying the capacity of defibnnated normal human blood to 
support the growth of pathogenic baotena, with a view to assessing 
its value as an anticoagulant for use in routine blood culture 

Materials and methods 

Tho strains of bacteno used m the tests were, where possible, freshly 
isolated The recently isolated and stock strains were all S forms 

The following cultures were used B anthracis , N C T C 109, recent 
guinea pig passage Bad typhosum , rejuvenated Rawlings strain Bad 
friedlandcri , NCTC 204 Bacteroidcs strain , Oram negative non- 
pathogcxuc obligato anaerobe from normal human fieccs Br mehtensts 
Palestine, Younovitch 6 Cl ivelchu , N C T C Fischer Hvi H influenza: 
Strakor L95, cqiu valent to Pittman’s smooth form H para influenza: , 
7994, from fatal cose of endocarditis N meningitidis strain 1, NCTC 3712, 
strain 2, C160 freshly isolated from C S.F S’ gonorrhoea: , strain I, SG243 


* Liquoid is the proprietary name given to this compound b\ its manufacturers 
Messrs Hoffmann La Roche 
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strain 2, SG294 ; both recently isolated from vaginal discharge N. pharyngis , 
freshly isolated from naso -pharynx Proteus vulgaris , U766, from pure 
urinary infection Ps. pyocyanea , from pus. Staph aureus , P728, from 
pus Staph albus , freshly isolated from skin Str. hosmolyttcus ; Lancefield’s 
group A Str pneumonice , Type I, recent mouse passage Str. vindans , 
recently isolated from throat Anaerobic streptococcus ; P642, recently 
isolated from pleural empyema Aerobic organisms were used as 24-hour 
cultures, anaerobes after 48 hours’ mcubation 

The blood was obtained from, m all, 12 healthy human adults, male and 
female, but for the most part the tests were made on blood from one individual 
This was defibrmated, filtered through one layer of sterile gauze, distributed 
into 3 X £ inch tubes mice quantities and used immediately. To the 
blood samples were added broth, anticoagulants and dilutions of culture as 
required. Liquoid, 5 per cent, in normal salme, was autoclaved for 10 minutes 
at 115° C , sodium citrate, 50 per cent m distilled water, for 20 minutes 
at 115° C Liquor trypsmi (Allen and Hanbury’s) was sterilised by filtration 
through Seitz E.K filters. 

Three 10-fold dilutions of culture, selected as likely to contain about 
5, 50 and 600 viable organisms, were moculated into three blood tubes for 
each test The actual number of viable organisms moculated was estimated 
from the mean of a six-plate “ surface viable ” count (Aitken, Barling and 
Miles, 1936) made upon each culture Organisms which emulsified with 
difficulty, eg the gonococcus, H para-mfiuenzee, and N. pharyngis, were 
dispersed in broth as much as possible, and the bacterial aggregates removed 
by hght centrifugation Blood mixtures containing aerobes were tested 
for growth after 24 hours, anaerobes after 48 and 96 hours The degree of 
growth was estimated at first by surface viable counts and later by direct 
platmg of one loopful of culture on to an appropriate medium and by 
inoculating 0 25-0 5 c c into 5 c c of heart broth Broth subcultures 
showing no obvious growth after 48 hours were tested by further platmg. 
The medium used for the counts and tests with the typhoid and anthrax 
bacilli, the staphylococci and Ps pyocyanea was nutrient agar. Elides 
agar was used for the Hcemophilus group, haemoglobin agar for the meningo- 
cocci and gonococci (in 5 per cent C0 2 ), MacConkey’s agar for Proteus and 
5 per cent horse-blood agar for the rest 

The tables record, in organisms per c c , either the smallest inoculum 
winch multiplied, or, if none of the mocula survived, the largest inoculum 
winch failed to do so The degree of growth after 24 hours (48 hours for 
the anaerobes) is indicated in the tables either by the result of a viable count 
(organisms per c c ) or by the following signs . + + +, free growth on the test 
plate ; + -j-, semiconfluent growth on the test plate , +, discrete colonies 
on the test plate ; ±,no growth on plate, growth m the broth subculture , 
— , no growth in the broth subculture after 2 days for aerobes and 4 days for 
anaerobes 


Results. 

A preliminary test was made, incorporating three anticoagulants, 
sodium citrate, liquor trypsini and kquoid, in solid media, which 
were tested with 10-fold dilutions of cultures of Str pneumonice 
and Br melitensis (upon blood agar) and of H mfiuenzce and Staph 
aureus (upon Elides’ agar). Compared with the growth on untreated 
media, 0*75 per cent sodium citrate partly inhibited Br melitensis 
and completely inhibited an inoculum of 15xl0 4 H. mfiuenzce, 
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4 per cent liquor trypsuu partly inhibited H influenzal and com- 
pletely inhibited an inoculum of 1900 Sir pncumomce The 
remaining strains Mere unaffected The growth of Staph aureus, 
Sir pneumonits, and Br mehtensu uas, if anything, improved by 
0 1 and 0 B por oont hquoid, but H influenza was markedly 
inhibited by theso amounts 

Tests on defibnnated blood 

For the first tests on 1 e c quantities of fluid blood, 0 2 per cent 
liquoid was used Tko test on eaoli organism was made twice, 
in somo cases three times, with substantially the same results 
Table I (columns 2-5) exemplifies these results Hie first four 
organisms tested grow well in blood and liquoid-blood The next 
group comprises those that failed to grow or established thomselvcs 
only from relatively large inocula in blood, but grew freely in 
liquoid-blood Of the third group, the two anaerobes, Cl welchii 
and the Bacteroides strain, faded to grow in either blood or liquoid- 
blood (in view of the later tests, tins was probably due to a technical 
error) , N gonorrhoea grow better m liquoid-blood but was partly 
inhibited by it, whde the N meningitidis strains were markedly 
inhibited by hquoid 

This susceptibility of the meiungococous to hquoid appears in 
Gnhohoss’ table IV, which records an inoculum of 680 meningococci 
in 0 17 per cent liquoid-blood decreasing to 280 m 24 hours Our 
meningococcal strains were retested in 0 1, 0 05 and 0 025 per cent 
liquoid-blood In the 0 1 per cent both strains were inhibited 
to a certain extent, but in the 0 05 and 0 025 per cent , 10 organisms 
increased to 126x10' and 9 0xl0 6 respectively in 24 hours 
To determine the minimal effective anticoagulant concentration, 
three specimens of normal human blood were tested with 0 05, 

0 025 and 0 0125 per cent hquoid , the two lugher concentrations 
inhibited clotting for at least 7 days, wlule in blood containing 
0 0126 per cent a loose dot formed in four hours, whioh was easily 
and permanently dispersed by gentle shaking 

A concentration of 0 05 per cent hquoid was selected os being 
actively anticoagulant and non-mlnbitory of N meningitidis 
Table I (columns 6-9) show's the result of a retest with this con- 
centration Br melitensis. Sir hmmolyhcus A and pneumonia, and 
the Bacteroides grew as well m blood os in liquoid-blood The 
remaining strains were all favoured by 0 05 per cent hquoid 

Comparison of broths containing liquoid and liquor trypsim 

Trypsin broth, made by adding 6 per cent sterile Seitz-filtered 
liquor trypsuu to heart extract broth, is an excellent blood culture 
medium Its manufacture demands fresh trypsin solution, laborious 
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• IS hours’ lnuibitlon 

no growth J; to +4--J- — vnrymg amounts of giowth (toxt, p 210) 
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sterile manipulations and subsequent sterility tests, and it must 
be used freshly made It was one of the objects of this investigation 
to determine whether hquoid-broth might be an efficient substitute 
Parallel tests were made with loo quantities of 0 05 per cent 
liquoid heart broth, and 8 per cent liquor trypsim broth, to each 
of which was added 0 5 c o of defibrmated blood, giving a final 
concentration of approximately 0 03 per cent hquoid and 5 per cent 
liquor trypsim respectively Table II summarises the results of 

Table II 


Effect of liquoid and trypsm on growth m blood broth 


Organisms 

Deflbrinated blood 0 5 c c -fhenrt broth 1 eje 

Without liquoid 
or trypsin 

With liquoid 
(0*03 per cent) 

With liquor trnnlnl 
(5 per cent ) 

Approximate 

number 

inoculated 

Result 

Approximate 

number 

inoculated 

Remit 

Approximate 

number 

Inoculated 

Result 

B anthracts 

15 

+++ 

15 

ID 

16 

+ + + 

Bact fnedltlnden 

100 

— 

10 


10 

+ 4 - 4 - 

Bact typhosum 

15 

+++ 

15 

II II II 

15 

+++ 

Bacteroides * 

3500 

+ + 

3500 


3500 

+++ 


10 

++ 

10 


10 

4 * 4 * 4 - 


o 

+++ 

2 

rj n 


+++ 

H tnfluenxcc 

GO 


G 


# 

+++ 

N gonorrhoea: 1 

CO 

+ + 

60 


50 

+++ 

N gonorrhoea: 2 

15 

+ 

15 

j [j j 

15 

+++ 

N meningitidis 1 

30 

+++ 

30 

[1 \\ 3 

30 

+++ 

N meningitidis 2 

5 

+++ 

» 

[] [] 3 

5 

4 - 4 * 4 - 

N pharyngis 

70 

+++ 



70 

++ 


7 

— 

7 

++ 

* 


Proteus vulgaris 

50 

+++ 






5 

— 

5 

+++ 

5 

4*4* + 


00 

+ + + 






G 

— 

G 

+++ 

0 

+++ 


200 

+ + 






20 

— 

20 

+++ 

20 

+ + + 

Staph aureus 

20 

+++ 

20 

+++ 

20 

+++ 

Streptococcus 

70 

+ 





(nnaorobio)* 

7 

— 

7 

+++ 

7 

4-4 4- 

Str haimolytieus A 

3 

+++ 

3 

+++ 

3 

4*4-4- 

Sir pneumonia: I 

a 

+++ 

fl 

+++ 

0 

4-4-4* 


50 

+++ 






5 


5 

+++ 

5 

+ + + 


• 4R hour* lncutatlon. 


tins test Both media wore equally good in mlubiting the 
bactericidal power of the bloods tested, except in tlicir behaviour 
towards N jtharyngis, which was partly inhibited by the trypsin 
Tlio improvement with cither anticoagulant is not ns marked in 
tins as in previous experiments , tho bactericidal power of tho 
bloods used m this experiment was small 
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* 43 hours' Incubation 

no growth i to + -t- + = varying Amounts of growth (text, p 210) 
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(а) The strain of B anthracis was killed with equal rapidity in wholo 
blood* fresh serum and serum heated to 56° C for 20 minutes* this 
bactericidal action was inhibited by 0 074 per cent hquoid 

(б) The strain of Proteus vulgaris was killed with equal rapidity by wholo 
blood and fresh serum, but heated serum was bacteriostatic only both 
bactericidal and bacteriostatic powers were inhibited by 0 074 per cent 
hquoid 

These experiments were twice repeated and, in all, blood from three 
persons was tested, with the same results 

Tlie superiority of hquoid over citrate in allowing the growth of 
organisms is indicated m our preliminary experiments incorporating 
the anticoagulants m solid media, and has heen demonstrated by 
Gara and Sogham (quoted by van der Hoeden), Grihchess, van der 
Hoeden, and Sgalitzer The last named, working mainly with blood 
from patients with a Str mridans bactersemia, found in addition 
that oxalic aoid was as ineffective as citrate, and that 1 per cent 
saponin-broth was slightly better than 0 17 per cent liquoid-blood 
or 0 09 per cent hquoid-broth The aotion of saponin in this 
respect needs confirmation , it is possible that the comparative 
inferiority of hquoid in Sgahtzer's experiments was due to its use 
m a concentration of 0 17 per cent , which we have demonstrated 
to be inhibitory to the growth of certain bacteria under our 
experimental conditions The comparatively unfavourable effect 
of hquoid in blood cultures of the coh-typhoid group notod by 
various authors may also have been due to tho uso of inhibitory 
concentrations So far as our test organisms are concerned, a 
concentration in the blood of 0 05 per cent is safe, and is about 
four times the minimal effective anticoagulant concentration 
N meningitidis appears to be the most suitable organism for 
determining tho growth-inhibitory concentration of hquoid 

Tho growth of baotena in normal defihrmated human blood 
under our test conditions is not strictly comparablo with thoir 
growth in media containing tho blood from which it is hoped to 
isolate them, but the results obtained suggest that tho uso of hquoid 
media m blood culture deserves consideration Usually one stram 
of a given species has been tested and at most two There aro 
no extensive data upon tho variability of different strains of tho 
same spooies of bacteria m their susceptibility to hquoid, nor is it 
known whether thcro are antibacterial substances m tho blood 
which hquoid may bo unable to counteract , thcro is need for tests 
upon a largo number of freshly isolated strains of tho different 
pathogenic bacteria 

With regard to tho substitution of hquoid-broth for trypsin- 
brotli, though there is little demonstrable difference in tho growth- 
promoting properties of tho two, the less elaborate technique of 
preparation of tho former renders it tho more convenient routine 
medium 



230 


T. YON EAEBLER AND A A MILES 


The effect of hquoid on whole blood 

The bloods used in the above test were fibrin-free. It is 
possible that, when hquoid is added to whole blood, some is used 
in maintaining the uncoagulated state, with a consequent lessening 
of the antibactencidal powers of the given concentration A 
comparison was made of a whole blood, kept fluid with 0 2 per cent 
liquoid, and the same blood defibrinated, to which 0 2 per cent 
hquoid was added after defibrination The test orgamsms were 
H influenza, Br melitensis and Proteus vulgaris Table III shows 


Table HI. 

Effect of hquoid on groulh of bacteria in uhole and defibrinated blood 


OrmnUins 

Approximate 

number 

inoculated 

0 2 per cent llquold-blood 

Defibrinated 

Whole 

Br. tnchlcnsis 

30 

"T 

1 

*r 


3 

J- 

+ 

H influenza: 

15 

+ -f + 

+++ 


1-2 


_L 

Proteus vulgaris 

12 

J- -\-JL 

J.4- 


1-2 

*r — 

+ 


the results. As far as the ultunate growth is concerned, there is 
no difference between the two bloods, but very small mocula of 
H influenza and Proteus vulgaris grow less vigorously in the whole 
blood. 

The stability and leeping jiower of liquoid-broth 

The efficacy of 0 2 per cent hquoid broth, made by autoclaving 
the mixture at 115° C for 30 minutes, was compared with that 
of broth autoclaved separately, to w hicli sterile hquoid, autoclaved 
at 115° C for 10 minutes, was subsequently added Broth and 
defibrinated blood were mixed m 0 3 c c quantities and tested 
with Br. melitensis , 11 influenza and Proteus vulgaris The media 
were stored at 2° C. and the test was repeated after 3 weeks and 
again after 2 months The results were identical in all three 
tests indicating that neither autoclaving in broth nor storing for 
two months alters the antibactencidal or anticoagulant properties 
of liquoid. 

Discussion 

The experiments recorded above demonstrate the capacity of 
hquoid to inhibit the bactericidal action of normal human blood. 

have not investigated its mode of action, but the results of the 
iwo folio*, mi" cxfKrrinwnts are in conformity with t he hypothesis 
that it imitrah-c- the effects both of complement and of /2-Ivsin.s 
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(a) The strain of 13 emthra cis was killed with equal rapidity m whole 
blood, fresh serum and serum heated to 6G° C for 20 minutes , this 
bactericidal action was inhibited by 0 074 per cent hquoid 

(5) The stram of Proteus vulgans was killed with equal rapidity by wholo 
blood and fresh serum, but heated serum was bacteriostatic onlj both 
bactericidal and bacteriostatic powers were inhibited by 0 074 per cent 
liquoid 

These experiments were twice repeated and, in all, blood from three 
persons was tested, with the same results 

The superiority of hquoid over citrate in allowing the growth of 
organisms is indicated in our preliminary experiments incorporating 
the anticoagulants in solid media, and has been demonstrated by 
Gara and Sogham (quoted by van dor Hoeden), Grihohess, van der 
Hoeden, and Sgahtzer The last named, working mainly with blood 
from patients with a Str mndans bacteremia, found in addition 
that oxaho acid was as ineffective as oitrate, and that 1 per cent 
sapomn-broth was shghtly better than 0 17 per cent hquoid-blood 
or 0 09 per cent hquoid-broth The nation of Bapomn in this 
respect needs confirmation , it is possible that the comparative 
inferiority of hquoid m Sgalitzer’s experiments was duo to its uso 
in a concentration of 0 17 per cent , wluoh wo hove demonstrated 
to be inhibitory to the growth of certain bacteria under our 
experimental conditions The comparatively unfavourable effect 
of hquoid in blood cultures of the cok-typhoid group noted by 
various authors may also have been due to the use of inhibitory 
concentrations So far as our test organisms aro concerned, a 
concentration in the blood of 0 05 per cent is safe, and is about 
four times the minimal effective anticoagulant concentration 
N meningitidis appears to be the most suitable organism for 
determining the growth-inhibitory concentration of liquoid 

Tho growth of bacteria m normal defibrumted human blood 
under our test conditions is not strictly comparable with their 
growth in media containing the blood from which it is hoped to 
isolate them, but tho results obtained suggest that tho uso of hquoid 
media m blood culture deserves consideration Usually ono strain 
of a given species has been tested and at most two There nro 
no extensive data upon the variability of different strains of tho 
samo species of bacteria in their susceptibility to hquoid, nor is it 
known whether there are antibacterial substances m the blood 
which hquoid may be unable to counteract , there is need for tests 
upon a largo number of freshly isolated strains of the different 
patliogomc bacteria 

With regard to the substitution of hquoid-broth for trypsm- 
brotli, though there is httlc demonstrable difference in tho grow th- 
promotmg properties of tho two, the less elaborate tcchmquo of 
preparation of tho former renders it the more convenient routine 
medium 
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Summary 

1 Sodium polyanethol sulphonate (“ Liquoid ”) in concentra- 
tions of 0-03-0*05 per cent is effectively anticoagulant and destroys 
the bactericidal power of normal human blood for a large number 
of pathogenic bacteria In concentrations of 0-1-0 2 per cent 
liquoid inhibits the growth of the strains of N meningitidis tested 

2 Iaquoid-blood, without the addition of other culture fluids, 
is a suitable culture medium for the pathogenic bacteria tested 

3. Liquoxd-broth is easily prepared, is unaltered by autoclaving, 
and Jseeps well In vitro tests with artificially infected normal 
human blood suggest that the medium is worthy of trial in routme 
blood cultures 

We are indebted to the scientific department of Messrs Hoffmann -La Roclie 
for the specimen of liquoid used m this investigation 
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SOME SOURCES OF ERROR IN THE INTERPRETA- 
TION OF FERMENTATION REAC TIONS, WITH 
SPECIAL REFERENCE TO THE EFFECTS OF 
SERUM ENZYMES 

N E Goldsworthy, J L Still and J A Gumaiiesq 

From the Departments of Bacteriology and Physiology and the 
McMaster Animat Health Laboratory, University of Sydney 

Fob most fermentation tests peptone water has proved a satisfactory 
base for the medium, but there are many organisms, eg 
N gonorrhoeas, which will not grow in it With such fastidious 
organisms it is not unusual to add 1 to 10 per cent of normal horse 
serum to ensure growth Thus it is not an uncommon practice 
to add horse serum to the fermentation media when examining 
the reactions of suspeoted diphtheria bacilli, a practice winch docs 
not appear to have led to wrong results with the two sugars most 
often used, glucose and sucrose It is shown in tins paper, bowel er, 
that horse serum may invalidate tests with starch and maltose 
if it is added to the medium without previous inactivation of its 
enzymes This difficulty was experienced in studies of the mcidonco 
and differentiation of the three types (gravis , milts and intermediate) 
of O diphtheria: (Anderson, Goldsworthy and Ward, 1930), of the 
possible differentiation of the oquino and ovine types of C ovis 
(Came, personal communication, 1936) and of tho fermentation of 
maltose by various baoteria 

Fermentation of starch in the presence of normal scrum 
Experiments with C. diphtheria: In 1931 Anderson, Happold, 
McLeod and Thomson differentiated tho grans typo of C diphtheria 
partly on the basis of its pouer to ferment starch Smco tlicir 
report left some doubt as to the exact tcohmque followed, various 
methods were tried m order to find a satisfactory way of testing 
the capacity of tins organism to formont starch The first medium 
tried was that recommonded by Andrew os (1930) for tho strepto- 
coccus— -nutrient agar and 0 2 per cent of soluble starch (B D II ) 

Sinco C diphtheria does not gron rapidly on uncnriolied nutrient 
agar, it was thought necessary' to follow Andrew cs in adding 
approximately 1 per cent of lion>o scrum sterilised by filtration 

jockc or nm —rot. slyi 5-3J 
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through, a Seitz EK disc On this medium the organism grew 
well and produced large colomes After 24-48 hours’ incubation 
the plates were flooded with weak iodine solution and examined 
for unstained haloes round the colomes The differentiation of 
known gravis and mitis strains was wholly unsatisfactory as starch 
was apparently changed by both types, but a subsequent test 
showed that no starch could be detected by the iodine test even 
on an uninoculated plate 

Loeffler’s coagulated serum containing 0*2 per cent, starch was 
also tested, but this too was quite useless, since the uninoculated 
and unincubated medium showed by the iodine test that all the 
starch had already disappeared. 

In ordinary peptone water containing Andrade’s indicator with 
the customary small inoculum growth was very slow. In order to 
increase the rate of growth, approximately 10 per cent of normal 
horse serum, filtered and unheated, was added, with the result 
that growth was enhanced, but again the gravis and mitis types 
could not be differentiated as both produced acid 

These results suggested that normal horse serum might either 
contain some substance fermentable by all types of G diphtheria 
(Andrewes, p 149) or might act upon the starch so as to convert 
it into some fermentable substance Experiment showed that 
the amount of fermentable carbohydrate in horse serum (measured 
as reducing substances *) was not enough to produce an acid 
reaction when O diphtherias was grown m peptone water containing 
various concentrations of horse serum A similar negative result 
was obtained by Spray and Doyle (1921). 

To determine whether a hydrolytic enzyme was present various 
concentrations of normal horse serum were mixed aseptically with 
different quantities of starch and the mixtures incubated at 37° C. 
After 24-48 hours the iodine test revealed that certain concentrations 
of starch disappeared under the action of the serum, even of as 
little as 0*5 per cent This test was performed by removing 
aseptically a large loopful of the mixture and adding to it on a 
spotting tile a similar loopful of weak iodine solution It is thus 
easy to understand why the mitis strains appeared to be able to 
ferment the starch when normal horse serum was present 

Six strains of G diphtheria, three of mitis type and three of 
gravis, were grown in Hiss’s serum water containing 0 1 per cent 
of starch The medium was sterilised by autoclaving They were 
also grown in 1 per cent peptone water containing a similar amount 
of starch and 10 per cent of unheated horse serum After 24 and 
48 hours’ incubation both sets of cultures, together with unmoculated 

* Tho total reducing substances os determined by the method of Hagedom 
and Jensen amounted to 150 mg per 100 ml expressed as glucose According to 
Campon (1035) tho average figure for tho horse is 60 100 mg per 100 ml 
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controls, were examined for starch by the iodine test and for tho 
development of an acid reaction to Andrade’s indicator In tho 
heated medium, type differentiation was quite definite by both 
tests but rather less clear-cut with the iodine test In the medium 
containing unheated horse serum the differentiation was completely 
masked, as acid was produced by both types of organism and the 
iodine reaction was negative in all mooulated tubes as well as in 
the controls The amylase of normal horse serum may cause 
hydrolysis of starch but, if a completely transparent medium is not 
considered essential, autoclaved horso serum-water mixtures (or 
Hiss’s serum water) form a satisfactory basis for fermentation tests 
Experiments with C ovis One of us (J AD ), working with 
ovine and eqnme strains of 0 ovis, had occasion to test their power 
to ferment starch The strains were grown in 

(а) Hiss’s serum uater-flitmus+1 per cent Btarch , 

(б) peptone water-f- Andrade’s indicator-!- 1 per cent starch , 

(c) peptone water+Andrade’s indicator-!- 1 per cent staroh-)- 

10 per cent unheated horse serum 

Although it is generally accepted that G ovis (ovine typo) dohs not 
ferment starch, it was found that after 18 hours' incubation an 
acid reaotion was present in all tubes containing normal serum 
In Hiss’s medium the equine strains produced an acid reaction 
but the ovine strains did not In tho peptone water medium 
growth was not appreaiablo The serum of the ox, dog, oat, guinoa- 
pig and hen behaved similarly to horse serum 

Fermentation, of starch in the presence of heated scrum 

In a preliminary experiment one strain of C diphtheria: ( mitis 
type) was inoculated into 1 per cent poptono water containing 
staroli and Andrade’s indicator Growth occurred m 22 hours 
but no acid developed in 98 With 5 por cent unbeated horso 
scrum growth was bettor and acid appeared in 22 hours With 
tho same concentration of serum hoatod at 100° C for ono hour 
or G0° C for one hour no noid was formed 

Further experiments on similar hues with seven strains of 
C diphtheria: {nut is type) entirely confirmed tho conclusion that 
heating at 60° C for 00 minutes was adequate to destroy tlio 
nmvlaso of horso scrum A more oxtonsivo experiment was then 
carried out with samples of soram heated for ono hour at 45, 00, 
50, 60, 65 and 70° C respectively, with identical results When 
tho starch peptone water contained 0 per cent of scrum boated 
for 30 minutes at different temperatures and tho complotcd media 
wore kept at 37° C for several days before inoculation, it was 
found that the serum requires to bo heated at 65° C for 30 minutes 
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of glucose, wo found that lieatmg the serum at 65° C for 60 minutes 
was necessary to destroy the maltase 

Discussion 

In 1846 Magendie described a “new” property of blood, naraelj, its 
ability to convert starch to sugar Many years later Bral (1892) modo a 
more detailed enquiry into the breakdown of staroh by blood He con 
eluded that this action was due to a ferment, tliat the sugar produced was 
glucose and that the serum “ diastase ” was able to split maltose and ochroo 
doxtnn In short he demonstrated that blood serum possesses both amylase 
and maltase Subsequently (1892 93) ho showed that human blood boha\ cs 
in theso respects like the blood of other animals but to a lessor degree In 
the following year Tebb (1894) confirmed the presonce of maltase in blood 
serum 

Theso well established facts were clearly recognised by Hiss (1901 OS) 
when ho devised the medium which now bears his namo, but it is not at all 
certain that he fully realised the rapid action of such enzymes Ho stated 
that heat at 66 70° C not only did not inactivate the “ diastase ” of starch 
serum mixtures, but even hastened its action The apparent failure to 
obtain inactivation may well be attributed to tho period of tunc elapsing 
between the mixing of the starch and serum and the attaining of a temperature 
of 65 70° C It was this apparent failure to inactivate the serum at relatively 
moderate temperatures which led him to heat it at 100° C , a procedure 
which not infrequently produces an mconvomcntly opalescent medium 
This opoloscenco makes it difficult at times to bo sure that growth has taken 
place in the medium, so that tho significance of a negative formentation test 
is left in doubt 

In 1920 TenBroeck drew attention to the false results which might anso 
from the use of hors o serum for tho ennahment of fermentation media He 
showed (p 348) that the onzymos in horse scrum, oven after refrigeration for 
eighteen montlis, " will change maltose, dextrin and starch so that they will 
react os dextrose m media,” and that theso enzymes ore destroyed bj 
heating to 60° C for 16 minutes 

About the same time Spray and Hoyle (1921) investigated tho fermentation 
reactions of £ puTlorum and S ffalhnarum with special reference to maltoso 
in an ondeavour to differentiate them In a Hiss’s somm water maltoso 
medium both organisms produced acid, vhorcas m infusion broth maltoso 
medium S pullonim did not Tho contradictor} results obtained with 
these two media wore reproduced oven when tho media were sterilised for 
15 minutes at 15 lb pressure Tho Hiss’s scrum water maltoso medium 
was prepared in tho manner set out by Kramwiedo, Kolin and Valentino 
(1018), tho scrum, water, maltoso and indicator bemg all mixed before an} 
heat was applied As mentioned in connection with Hiss's work it is 
conceivable that tho scrum enzymes producod their effect before tho 
temperature of tho steriliser hod reached a level high enough to destro} 
them 

Somo years later Hcndnckson(192G 27) attempted to confirm tho suitahilit} 
of maltoso fermentation as a basis for differentiating S pttUorutn and 
S galUnarwn In order to ensure good growth of tho organ inns, ho lifted 
a scrum water medium Tins wns prepared and sterilised in tho nutoclavo 
before tho addition of an} carbohydrate, thereb} eliminating on> action 
of the serum enzymes Ho found that both organisms apparent!} f< rmented 
maltose in tho scrum water medium within 1 S dnjn S puflorum did not 
ferment maltose in tho infusion broth medium until about tha 40th dav, 
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whereas S gallmarum produced acid within the first few days In view of 
the accepted ideas about the inactivation of serum enzymes it is inconceivable 
that the serum water medium prepared by Hendrickson should contam any 
active enzyme Yet he reports that S pullorum fermented the maltose 
in this serum water medium very much more rapidly than in infusion broth 
medium (1st day and 40th day respectively) The only explanation we are 
able to suggest is that the maltose was somewhat hydrolysed by exposure 
to a high temperature in the autoclave 

Hynd and Macfarlane (1927) examined the maltose-splitting activity of 
the serum of a number of animal species — pig, mouse, rat, guinea-pig, rabbit, 
kitten, ox and sheep They found that pig serum alone had this power, a 
result which is in marked contrast to that obtained by one of us ( J. A. D ), 
who found that horse, ox, dog, cat, guinea-pig and hen serum all rendered 
impossible the differentiation of ovine and equme strains of C ovis on the basis 
of maltose fermentation Glock (1936b) does not entirely agree with either 
of these views 

Pacheco and Rodrigues (1936) have further investigated the use of 
maltose for the differentiation of S. pullorum and S gallmarum They con- 
firmed the presence m horse serum of a maltase-hke substance which was 
not injured by exposure of the serum to a temperature of 60° C (no tune 
given) They followed the action of serum heated at various temperatures 
upon maltose by means of a polanmetne method In the absence of horse 
serum the fermentation of maltose offers a reliable means of differentiating 
the two organisms m question These authors have discussed the same 
question in another paper (Rodrigues and Pacheco, 1936) in which they 
showed that heating at 60° C for 60 minutes was insufficient to eliminate 
the action of horse serum upon maltose 

Quito recently Murray (1935), in studying the stability of the grams, 
mills and intermediate types of C. diphtlience, noticed that the mills typo 
when grown m broth containing serum appeared to acquire, transiently at 
least, the power to ferment starch Even 0-1 per cent serum broth was 
able to induce this apparent change in the organism Heating at 66° C 
for 30 minutes did not affect the activity of the rabbit serum Other 
normal sera (ox, man, sheep and horse) were inactive, while guinea-pig 
serum resembled rabbit serum The fact that this apparent change in 
the fermentative activities of the milts type was evident only in the first 
subculture suggests that it was due to some factor earned over from the 
scrum broth to the starch medium and it is tempting to regard Murray’s 
results as duo to the action of blood amylase. 

In view of the established facts referred to above, it might 
reasonably be supposed that bacteriologists would have more 
generally appreciated the dangers attending the use of fresh blood 
serum in fermentation reactions Nevertheless, it is still a common 
practice to add a little unheated sterile serum when investigating 
the fermentation reactions of delicate bacteria It was through 
following this practice that our attention was drawn to these 
dangers, which were also mentioned to us by H D Wright in 1933. 
The results of our investigations confirm the reports by other 
authors that sterile «crum used m fermentation media without 
reference to its enzyme content can lead to serious error in the 
interpretation of fermentation reactions 

8c\ oral authors have suggested heating the serum at various 
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temperatures m order to inactivate its amylase and maltase These 
temperatures range from 60 to 100° C (Hiss) or even over 100° C 
(Paoheco and Rodrigues, 1936) Our own experiments indicate 
plainly that heating at 60° C for one hour is insufficient, but that 
heating at 65° C for 30 minutes is m general adequate to inactivate 
the enzymes responsible for the break-down of starch, glycogen 
and maltose Since, however, exposing the serum to tlus 
temperature for more than 30 minutes m no way alters the trans- 
parency of the completed medium (although the serum in bulk 
becomes sbghtly opalescent), we would recommend that for safety’s 
sake the serum be heated at this temperature for at least one hour 
Certain specimens of horse serum, for reasons ehioh we have been 
unable to determine, but which may bo connected with the prescnco 
of hsemoglobin, have become viscous or semisohd when heated to 
tins extent 

Another source of error in the interpretation of fermentation 
tests earned out by the indicator technique is the more or less 
rapid reversion of the reaotion of the medium to alkalinity This 
reversion was particularly noticeable with certain gravis strains of 
C diphtheria in staroh peptone water (Andrade’s indicator) In 
this medium the degree of acidity os judged by the intensity of 
the colour was frequently very small and in some cases almost 
neghgible Practically every grams strain tested wits found to 
induce a complete reversion of the reaction within the second 
24 hours of moubation, so that if the tubes were not inspected 
between the 15th and 24th hour after inoculation, the result was 
apparently negative Such transient reactions are obviously liable 
to be misleading 

Wcdum (193G) allowed that the production of neid from n given 
carbohydrate rany bo so scanty or slow ns to bo neutralised bj tlio buffer 
substances in tho medium or by concomitant!} produced alkali, so that 
there is no obvious production of acid 3\cdum and Golden (1937) furtbir 
investigated tlus phenomenon and confirmed tho previous contention thnt 
tho indicator method may gne misleading results, especially when tho 
utilisation of tlio carbohydrate is slow Brown (1921 ) realised tho possibility 
of this masking of acid production and suggested tho uso of media with 
a low buffer index when tho observation of acid production is tho only mil 
m mow He discusses tho principles imolsed at considerable length 

The possibility that thoro aro in scrum therm ostablo factors 
affecting the breakdown of carbohj drntes must not be overlooked 
It lias been suggested bj Pacheco and Rodrigues (193G) thnt such 
a factor exists for maltose and Wright (personal communication, 
1935) has noticed that starch rany disappear m tlio presence of 
heated serum Thoro seems littlo doubt that the degradation of 
starch is a process of some complexity and not well understood 
Thus Glock (1936a) found thnt starch disappears when heated 
along with calcium clilondo and phosphate buffer If phosphate 
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is the active substance, as Glock would seem to suggest, it may 
not be so strange that serum, even after autoclaving, should retam 
some activity towards starch 

Summary 

1 Horse serum contains amylase and maltase, even after 
storage for many weeks at 4° C These enzymes can lead to false 
interpretations when the serum is added to fermentation media 
To avoid this difficulty, serum should be heated for 60 minutes at 
65° C before being added to the medium 

2 There is disagreement between the results of some authors 
who have investigated the enzyme content of the serum of various 
animal species 

3 Certain factors other than enzymes which may influence 
the apparent result of a fermentation test are discussed 


REFERENCES 


Anderson, J S , Happold, 
F C , McLeod, J W , and 
Thomson, J G 
Anderson, P M , Golds- 
worthy, N E , and Ward, 
H It 


1931 

this Journal, xxxiv 

667 

1936 

Med J Australia, 11 

350 


Andre wes, F W 
Bial, M 
» 

Brown, J H 
Camfori, A S 


Glock, G E 

Hendrickson, J M 

Hiss, P H , Jr 

Hynd, A , and Macfarlane, 

M G 

Krtjmwxede, C , Jr , Kohn, 
L A , and Valentine, E 

Magendie, F 

Murray, J F 

Pacheco, G , and Rodrigues, 
C 

Rodrigues, C , and Pacheco, 
G 

Spray, R S , and Doyle, 
L P. 

Tebb, M C 

TenBroeck, C 

Wedum, A G . 

Wedum, A G , and Golden, 
B L 


1930 this Journal, xxxm 146 
1892 Arch gcs Physiol , In 137 
1892-93 Ibid,lm 156 
1921 J Bad , vi 665 
1935 Rev Med Vet Buenos Aires, xvn 47 
(abstr m Chemical Abstracts, 1937, 
xxxi 3116) 

1936a Biochem J , xxx 1386 

19366 Ibid , xxx 2313 

1926-27 J Am Vet Med Assoc , lxx 629 

1901-05 J Exper Med , vi 317 


1927 

Biochem J , xxi 322 


1918 

J Med Res , xxxviu 

89 

1846 

C R Acad Sci , xxiu 

189 

1935 

Bnt J Exper Path , xvi 532 

1936 

Mem Inst Os Cruz, xxxi 


English translation, 

, p 655 

1936 

C R Soc biol , cxxm 

438 

1921 

J Inf Dis , xxvm 43 


1894 

J Physiol , xv 421 


1920 

J Exper Med , xxxu 

345 

1936 

J Inf Dis , lvni 234 


1937 

J. Inf Dis , lx 94 




576 8s i 2 577 *54 22 

THE FERMENTATION OF GLUCOSIDES BY 
STREPTOCOCCI 

Hedley D Weight 

Department of Bacteriology, University of Liverpool 

In a previous paper (Wright, 1937} it was shown that lodoacetic 
acid inhibits the formation of acid from sucrose by suspensions 
of various baotcna but that no evidence could bo obtained of 
the accumulation of reducing sugars Yeast suspensions however 
continued to produce rednomg sugars from sucrose and bacterial 
suspensions to hydrolyse urea m tho presence of concentrations of 
lodoacetic acid much greater than were required to inhibit acid 
production This was considered consistent with tho viow that 
sucrose might bo fermented by bacteria without preliminary 
hydrolysis, but could not bo regarded ns proof m now of tho relative 
laolv of delicacy of Folding's reagent ns a test for reducing sugars 
Meyer (1933) lias shown that lodoacetic acid also inhibits tho 
fermentation and hydrolysis of certain glucosides by streptococci 
but reoords no details m Ins paper Ho concludes that this indicates 
that the mechanism of hydrolysis of these glucosides by baotorm 
differs from that of hydrolysis by omulsm which, like hydrolysis by 
yeast and by ptynlin, is not inhibited (Lundsgaard, 1930) Experi- 
ments recorded in this papor fully confirm Meyer’s findings and 
suggest that conclusions ns to the mechanism of tho bacterial 
fermentation of disaccknrides which are based upon tho effect of 
lodoacetic acid thereon must be xery guarded ns this substance 
appears to inhibit hydrolysis ns well ns fermentation 

Method) 

Most of the experiments were carried out with n streptococcus (133), 
isolated from milk, which lias the general characters of Sir thermophilue 
A fow confirmatory experiments wore done with n stmm of Sir facah) 
For ordinaiy fermentation tests 0 1 c c of n fully grown broth culture 
was inoculated into serum peptone water containing 0 S por cent of tho 
substances tested nnd Andrade s indicator, readings being mado ot inters nls 
up to 14 days Tor experiments with suspensions, 0 1 c c of n 1 100 dilution 
of a broth culture was inoculated into 80 c o of broth containing 0 5 per cent 
of tho desired carbohydrate After 10 hours' incubation at 37° C tho culture 
was centrifuged at high speed, tho supernatant fluid poured o[f nnd the 
deposit taken up in 4 c c of a diluting fluid containing 0 83 per cent NaCl 
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and 0 16 per cent Na 2 HP0 4 , the reaction being adjusted to pH 7 4-7*6 
Usually one flask was required for each tube in the experiment Of this 
suspension 3 c c were added to 30 c c of the same diluting fluid containing 
0*3-0 5 per cent of carbohydrate The glucosides used were salicin, arbutm, 
sesculm and amygdalm and were obtamed from G T Gurr or the British 
Drug Houses, Ltd They were prepared as 3 or 5 per cent solutions in the 
diluting fluid and sterilised by autoclavmg for 10 minutes at 10 lb pressure, 
as this degree of heatmg was found to be permissible On the night before 
the experiment 3 c c of these solutions were added to 27 c c of diluting fluid 
m 6x1 m test-tubes which were placed at 37° C until the end of the 
experiment iEsculm is relatively insoluble m the cold, a 5 per cent 
solution becommg practically sohd when cooled to room temperature. 
However when the sohd mass is heated m a water-bath at 100° C it rapidly 
liquefies and 3 c c can be added to 27 c c of fluid to make a 0*5 per cent 
solution which remains stable at 37° C 

Iodoacetic acid was used as a 1 per cent solution m distilled water 
carefully neutralised From this the appropriate dilutions were made in 
diluting fluid and 3 c c added to 27 c c of diluting fluid and glucoside 

The progress of the fermentation was followed by estimating the pH 
colorimetncally at intervals As sesculm forms somewhat acid solutions 
the initial reaction of fluids containing this substance was generally m the 
neighbourhood of pH 6 7 That of the other solutions ranged from pH 
7 1-7 3 


Tests for saligemn, the aglucone produced on hydrolysis of salicin, were 
made with Jonssen’s reagent (Sherman and Gross, 1911) To 6 c c of fluid 
were added 4 drops of a fresh 10 per cent solution of NaN0 2 , 4 drops of 
60 per cent acetic acid and 1 drop of 1 per cent CuS0 4 A reddish colour 
develops somewhat slowly, the intensity depending on the concentration 
of saligemn present For sesculetm, the aglucone of sesculm, the test 
consisted of the addition of 1 drop of 1 per cent FeCl 3 to 1 c c of fluid, 
which produces a green colour immediately For quinol, the aglucone of 
arbutm, 1 drop of 5 per cent phosphomolybdic acid was added to 5 c c of 
fluid With quinol this produces an immediate blue colour No simple 
chemical test appears to be available for the aglucone of amygdalm but the 
characteristic smell of bitter almonds is of help None of the specimens of 
salicin, arbutm or sesculm were found to contam free aglucone but one 
specimen of amygdalm contamed traces of glucose and had to be rejected 


Fermentation of the glucosides 

Ordinary fermentation tests The streptococcus 333 was main- 
tained m 10 per cent milk broth and when tested m the ordinary 
way fermented salicin m 42 hours, aescuhn and arbutm rather 
more slowly (48-72 hours) and amygdahn usually in from 6 to 
12 days The precise tune varied a httle in different experiments 
but sahran was always fermented most easily and amygdahn least, 
arbutm and aescuhn occupying intermediate but not constant 
positions 

When cultivated m a medium containing one of the glucosides 
this streptococcus developed mcreased capaoity to ferment that 
glucoside and sometimes others In one experiment it was incubated 
In salicin broth for 48 hours, by which time it had fully developed. 
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It was now found to ferment saliom and arbutrn in 18 hours, 
ajscului m 42 hours and amygdahn in 6 days Another oulture 
obtained by growth m amygdahn broth for 6 days fermented all 
four glucosides in 18 hours The enzymes for the glucosides are 
evidently adaptive (KarstrOm, 1930) and adaptation to sahcin 
has always been found to result also m adaptation to arbutin 
and vice versa, a point of some interest as the agluoones of these 
glucosides are chemically not dissimilar but are very different from 
those present in sescuhn and amygdahn On the other hand 
growth in the presence of tescuhn and amygdahn results in adapta- 
tion to all four substances (table I) 

Table I 


Fermentation reactions of different cultures of streptococcus 333 


Carbohydrate used in 
preparing culture 

Time taken to produce fermentation of carboliydrate (hours) 

Glucose 

Sucrow 

SoIIcln. 

Arbutin 

ASscuIIn 

Amygdalin 

Glucose 

18 

18 

42 

48 

72 

168 

Sucrose 

18 

18 

18 

18 

90 

192 

Sahcin 

18 

18 

18 

18 

68 

168 

Arbutrn 

18 

18 

18 

18 

68 

180 

ASscuhn 

18 

18 

18 

18 

18 

18 

Amygdahn 

18 

18 

18 

IS 

18 

18 


Streptococcus fmcalis fermented all four glucosides m 18 hours 
regardless of the medium upon which it had been grown 

Experiments with suspensions Suspensions of streptococcus 
333 showed also considerable variations m fermentative powei 
according to the medium upon which the organisms had been 
cultivated In table II are recorded representative results from 
experiments earned out over several months The strains used 

Table IX 


Fermentation by suspensions of streptococcus 333 cultivated on 
different substrates 


Carbohydrate used In 
preparing suspension 

J>H attained tn fermentation teat with suspension. 

Glucose 

Sucrose 

SaUdn, 

Arbutin 

JEsculIn, 

Atnygdalln, 

Glucose 


n 

■ ■ 


m 

73 

Sucrose 


k 11 




73 

Snlicm 

EfS 

Kil 

mE ■mm 


in 

73 

Arbutin 

111 

Ul 

m 5 ® 


mam 

73 

ASscuhn 


Bffl 

iHs* jjs 

4 0 

BIB 

S 1 

Amygdahn , 

mm 

mm 

mm 

4 D 

n 

4 7 


Initial pK of all tubes except those containing tcsculm — 73 
,, „ (csculiu tubes — G 7 
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were all derived from a milk broth, culture by cultivation m bioth 
containing one or other of the carbohydrates named until a heavy 
growth had developed, after which they were mamtamed m broth 
containing the same carbohydrate and this was also used m the 
preparation of the suspensions Results have varied quantitatively 
from time to time but there has been no evidence that prolongation 
of the adaptation has significantly affected them Such variations 
as have been observed have seemed to depend on the condition 
and strength of the particular suspension used 

The general result was in accordance with those obtained with 
the ordinary fermentation tests It seems clear that the capacity 
to ferment sahcm and arbutm is enhanced by growth m either 
of these substances but not that for fescuhn or amygdahn, whereas 
cultivation in sesculm or amygdahn increases the activity for all 
four glucosides though the rate for sahcm and arbutm is somewhat 
faster 

A stram which has been cultivated in amygdalm broth ferments 
all four glucosides in 18 hours m the ordinary test and if subcultured 
on glucose broth retains tlus power Experiments with suspensions 
indicate that after a single subculture in glucose broth the stram 
is not so active as if mamtamed m amygdahn or sesculm (table III) 
Similar results were obtained with the other glucosides and with 
a strain which had been mamtamed in amygdahn for three months 


Tabus HI 

Effect of cultivation in glucose after adaptation to glucosides 


Strain 
adapted to 

Suspension 
prepared in 

pH attained in 1} hours In fermentation of 

glucose 

sucrose 

sahcln 

arbutin 

cesculin 

amygdalln 

aesculin 

aesculin 

4 7 

4 7 

4 7 

4 7 

4 9 

6 4 


glucose 

4 7 

4 7 

7 3 

7 3 

6 7* 

7 3 

amygdalm 

amygdalm 

4 7 

4 7 

4 9 

4 9 

5 5 

5 3 

99 

glucose 

4 5 

4 5 

7 3 

7 3 

6 7 

7 3 


• Initial pH of tcsculm mixture = 07, of others = 73 


In some experiments with suspensions grown in glucoside broth 
the fermentation of glucose appeared to be somewhat slower than 
that "with suspensions from glucose broth Tlus did not appear 
to be an indication of loss by adaptation but seemed to depend 
on the relative density of the suspensions and other extraneous 
factors 

With Sir fcccalis similar results were obtained In the ordinary 
fermentation test all four glucosides were fermented m 18 hours 
but suspensions of culture from glucose broth were relatively 
inactive and adaptation enhanced their power 
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Table TV. 

Effect of loioacehc acid on fermentation and hydrolysis of saltern . 


Concentration of 
iodoacetic acid 

1 1000 

1 3000 

1 10,000 

1 30,000 

1 100,000 

Nil 

Initial pH 

7 3 

7 3 

7 3 

7 3 

7 3 

73 

pH after 3 hours 
Test for snhgenm 
at 3 hours 

7 3 

7 3 

7 1 

6 9 

6 1 

45 

?r 

9 

± 

+ 

+ + 

+ +++ 


Similar experiments were done with cesculin and arhutin with 
essentially the same results Concentrations as low as 1 100,000 
miniated fermentation considerably and those round 1 10,000 
prevented detectable alteration of pH In the tubes containing 
no lodoacetic acid hydrolysis was active but it decreased in the 
presence of tins substance Usually a concentration of 1 . 1000 
was required to abohsh hydrolysis altogether It is clear that 
there was no considerable accumulation of aglucone in one hour if 
fermentation was prevented and the results at three hours were 
sensibly the same 

An attempt was made to see if the concentration used consider- 
ably i educed the numbers of living organisms m the suspensions 
or affected them m any way so that their activity was reduced 
when the lodoacetic had been lemoved by centrifuging and waslung 
Reduction of the suspension to one-half by dilution had a marked 
effect on the rate of hydrolysis and fermentation of amygdalm, 
sescuhn and arbutin In one experiment with an amygdalm broth 
suspension the count of viable organisms at the beginning of the 
experiment was 310 million per c c The action of the suspension 
was tested on arbutm in the presence of iodoacetic acid, readings 
of fermentation and hydrolysis and counts of viable organisms 
being made after one hour (table V) 


Table V. 

Effect of iodoacetic acid on liable count and fermentation. 


Concentrations of | 
iodoacetic neid 

© 

o 

o 

1 3000 

1 10,000] 

1 

I 30.000 

1 

1 100,000 

Nil 

Initial ;iH 

73 i 

7 3 


i 7 3 1 

1 

7 3 

7 3 

at i hour 

71 

7 3 I 

7 1 

G 0 { 

C 5 

5 1 i 

Test for quinol 
initial count 
(ntUim*pi rc c.) 

. ! 

* 1 


“f* 1 

I . - , 

— -i ! 

a--U 

— i * { 

31) i 

! 

C'*> it at 1 liour . 

ITS 

1*M5 

220 1 

, i 

271 

J 

200 

000 


In another experiment with the same strain it uas found that 
dUmi-m «f the mi sponsion did not completely abolish fermentation 
untd the muntjer of % table organisms was reduced to about 




un\n\rnio\ or ar.ut-o^wrs su7 

<" milium jv r < < ll Mould ‘■<‘0111 Ifint the tlftel of lodoaictio 
mid f not 1I1 |K’iii)( nt upon tin* fm lor alone, for not cu 11 m tin 
l' r ' J *n r " <>f Ui- i omviitmtmii 1 1050 K t| 1( » nundxr reduud lit 
moo> th m oho half in oik 1 Jnuir, though in three liniim , onxidoroblo 
n diirtmn hi 1 uri 

\tt< mpts 10 tot tin permanence of the ofhct of lodoieotie 
n<id upon tin Htrojitixocrl note n mien d difln tilt by (lie fact tint 
n |>* a<< it v, ilium of mii|h 101011H reduce' tlieir intuits \irtmca 
(I'tJ.i) In- ni inimical tins < fTcet to rcinotnl of coxnrtmc Wo 
Into found tint u Mtipi n-tott ttlurh is ttnxhid 2 I times in diluting 
fluid fermi tits stigtr* and glnco«ides more shut Is tlian nil tints nsht d 
mis|m tision If hottesrr 1 ee of tlio Mqicnintnnt fluid from a 
rontriftigod glucose broth 1 tlltnre it added to .10 ec of tlm list 
fluid the firnuntatiou guts 011 nt n much finder rate Ileitmg for 
10 minute* nt 10 lb jire ssuro doe. not dt strut the iffccf of tlm 
mpt rontant fluid llurti ee of alreploeoci al suspension pupared 
ns dcsinlKil store dltldod into tun equal parts Ilnlf uns mixed 
uitli I "tiim lodoaertic acid in diluting ilmd and half uith diluting 
fluid unit Until preparations Hire Kept at !7°C for 00 minutes 
and then <a utrifuged and u islud ttwee m diluting fluid u armed 
to IT’C Dm netiviti of tlio suspensions upon nmtgdalm in 
rhon-n 111 latdo VI 


Taiilt VI 


I'fC»ifVn*c </ rfftet 0 / uijmertic ocul mi r'rcpmmccal iwijxiunonn 


h »prr»f *j 

QntrMf 

ta;<rm*unt 

Alt 

Initial pH 

yH After 

1 liour 

yll After 

4} llOUM 

TrrAff»t vit/i io«fo 
wrllr nc«l 


D 

73 

73 

67 




7 0 

70 

C 1 



Si! 

7 3 

0 i 

4 7 



1 c c 

7 J 

5 1 

4 *i 

* 

mm 


7 I 

03 

4 5 


Set cm! other oxpeninonts linto gtton similar results and it 
seems clenr flint tho effect of lodoaeotio acid upon theso streptococci 
is not so easily removed bj ttnslung ns appears from Lundsgnnrd’s 
noli to ho tho enso tilth 3 oast 

Discuitsion 

These experiments indicate that tho enzymes m theso stropto 
cooci for tho glucosides snhein, nrhutin, rescuhn and nmy gtlnhn 
nro adapt no m KnrstrOm’s sonso Tlio formentntion (hoy produco 
is nccompnuicd by hydrolysis nhioh occurs too* early nnd can 
often bo detected nt n. tuno tthon no chnngo m reaction of tho fluid 
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has occurred, so that it would appear to precede or to occur 
simultaneously with fermentation Hydrolysis of sahcin and 
arbutin is apparently easier than that of sescuhn and amygdalm, 
a point of difference from hydrolysis by emulsm and of resemblance 
to hydrolysis by acid Adaptation of the enzymes to sahcin and 
arbutin does not greatly influence their activity for sescuhn or 
amygdahn but adaptation to either of the two latter results in 
increased activity for all four 

It was suggested m a previous paper (Wright, 1937) that failure 
to detect monosaccharides when sucrose was exposed to the action 
of various bacteria m the presence of lodoacetic acid tended to 
support the view that disacchandes might be fermented directly, 
without preliminary hydrolysis, especially as the bacterial hydrolysis 
of urea and hydrolysis of sucrose by yeast were not inhibited 
The experiments reported in this paper seem however to weaken 
this particular argument They confirm Meyer’s findings that 
hydrolysis of these glucosides is inhi bited by lodoacetic acid It 
may be, as Meyer suggests, that the action of the bacterial enzymes 
differs from that of emulsm or it may be that the different result 
is due to a pecuhar action of lodoacetic acid upon the bacteria 
The inhibition does not appear to be wholly dependent on a reduction 
of the numbers of organisms in the suspension, but the pecuhar 
persistence of the effect has been noted It seems very unlikely 
that this type of substance should be directly fermented and as 
lodoacetic acid prevents the accumulation of the products of 
hydrolysis, apparently by inhibiting the hydrolysis itself, there 
is no reason why the action on the fermentation of disacchandes 
should not be of the same kind Accordingly failure to detect 
monosaccharides in the experiments with sucrose cannot be held 
to prove that fermentation of sucrose is not preceded by hydrolysis 
This conclusion in no way affects the arguments based on the study 
of a streptococcus with the pecuhar ability to ferment certain 
disacchandes more rapidly than the constituent monosacchandcs 
(Wnght, 1936 a and b) 

Summary. 

1 The adaptive nature of the enzymes of two strains of strepto- 
cocci for certain glucosides has been demonstrated 

2 Fermentation of these glucosides is accompanied or preceded 
by hydrolysis 

3 The ease of hydrolysis of the various glucosides is different 
fioni that observed with emulsm 

4 Both hydrolysis and fermentation are prevented by lodoacetic 
acid 

5 It is concluded that the absence of evidence of the accumula- 
tion of products of hydrolysis in the course of bactenal action m 
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A CHRONIC AND FATAL FORM OF HYDROTHORAX 
PRODUCED IN RABBITS BY THE INTRAPERI- 
CARDIAL INJECTION OF TINCTURE OF IODINE 
AND THE MECHANISM OF ITS PRODUCTION 

J Henry Dible and G A C Lynch 
From the Department of Pathology, the University of Liverpool 

(Plates XVI and XVII) 

In 1921 one of us (J H D ), with G J Langley, earned out a number 
of experiments upon the effect of introducing a strong irritant — 
tinot lodi fort (B P ) — into the pericardial sno of rabbits The 
intention was to set up a stenlo adhesive pericarditis and to study 
the effects of the obliteration of the poneardinl sac which should 
follow The results of these experiments wore surprising, m that 
although wo produced the anticipated adhesions a \cry largo 
numbor of animals died about 12 } days lator with bilateral pleural 
effusion A few animals survived for much longor periods and on 
being lolled, although to all appearances healthy, showed pleural 
effusions 

The picture, when the chest was opened after death, was quite 
characteristic (fig 1) The two Iayors of tho pericardium were 
adherent sometimes tho obliteration of the sac was complete , 
sometimes some luemorrhagio fliud was present together with 
partial adhesion Both lungs wero collapsed and tho ploural sacs 
full of olear straw-coloured effusion, which on each side might bo 
as much ns 30 00 Tho fluid was rich 111 fibrinogen and clotted 
readily Fibrinous pleural adhesions, fine and cobwebby' in 
animals succumbing early but densor in those surviving longor, 
wore often present It was not usual to find fluid m the abdomen 
oxcept ns a terminal ovent In most animals the hvcrwns congested 
and in a fow tho organ showed fino cirrhotic scarring 

Tho presont work was undertaken to clear up if possible the 
mechanism of those changes and to explain why tho production of 
a sterdo inflammation in the pericardia! sac should result in a 
progressia 0 bilateral hydrotliorax 
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Technique. 

The production of bilateral sterile hydrothorax The normal method of 
introducing the tincture of iodine was as follows The animals were given 
open ether anaesthesia and the skm over the sternum reflected by an incision 
an men and a half long in the mid-hne The pectoral fascia and muscles 
were cleared from the nbs on the left side and the sternal ends of the 3rd, 
4th and 5th nbs were defined. One blade of a blunt-pomted pair of scissors 
was now inserted into the 4th intercostal space and the 4th nb divided close 
to the sternal margin This part of the procedure was a manoeuvre of some 
delicacy, for the internal mammary vessel lies close to the sternum and its 
division gives nse to annoying hemorrhage whilst, if the nbs were divided 
sufficiently far out to be certain of avoiding the vessels, a left-sided pneumo- 
thorax was produced which obviously was to be avoided in view of the 
a ure o e experiments The nb having been successfully cut a retractor 
was inserted and a view of the interior of the thorax could be obtained after 
e e ica e res of the transversus thoracis muscle had been severed 
a success exposure the heart could then be seen beating within the 
pencar urn or, m adipose animals, this could be seen after the division 

pencM(hum temal ^ ^ &t WhlCh 11655 u P on the anterior surface of the 

, 0n '° 6S P° sed> the pencardmm was seized m fine rat-tootlied forceps 
a , C c matenal to be injected was introduced into the 

pericardia 1 sac by means of a 1 0 c c syringe and a no 17 hypodermic needle 
bent to a suitable angle It was usually possible to satisfy oneself of the 
P r °cedure by seeing the injected material diffuse within the 
pericardial sac No attempt was made to close the needle puncture m the 
pericardium or to suture the wound m the thoracic cage, but the pectoral 
use es were stitched over the wound and the skm closed by a second 
™ °f sutures, the wound being dressed with collodion and 
SL, l , T 16 faC ‘ that the muscles were divided in a different line to the 
sepsis* G 10 6 ec * ue ensure of the wound, which normally healed without 

P r ° ce ^ uro was modified on occasion as circumstances demanded 
imnet,™ a r j U1Stance3 , tbe animals were given a prelunmary mtravenous 
to h r^' ethyl ‘ barbltUr ate (“ Hebaral,” Parke, Davis & Co ), 

opened * ' me ° etller mhalation where the pleural sac was deliberately 

™ St , no mecbaiuc al effects were anticipated from the smaU 
possibffifcv nf^n^ na s m £ roduced > ■was thought well to exclude the 
embarraSSment from thls cause and therefore in a 
liquid paraffin e ^' uvalent quantities of stenie ohve oil or 

SSf2*«= 

«* 

smee it has been stated (Dixon 1929 • also investigated, 

1803) that sodium iodide is capable of producing nf ^T^L 1981 5 Sgahtzer, 
Without going into details i/mav bo P said effuSl0ns m rabbits 

produced by the tincture of lo dmo coffid results 88 those 

80 per cent, ntcohol alone, and von™ n, obtamed bv the injection of 
action of the tincture of iodine as a simpbTm^ivo ofe^ m T ° 8ardmS th ° 
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The effects of the introduction of the irritant into other sites 

The effect of the mjeotion oi the same quantity of tincture of 
iodine into certain other situations was investigated, with the 
following results 

(a) Substemally Here the injection was made into the tissues 
lying immediately anterior to the pericardial sao and in close 
relationship to it The results, although a little less constant, 
were substantially the same as those m which the iodine was 
introduced mtraperieardially , viz the production of pericardial 
adhesions, presumably from tlio diffusion of the irritant to tho 
very closely related sac, and the ultimate supervention of hydro- 
thorax Exceptions mainly oocurred in adipose animals in winch 
there was a large pad of substernal fat tlus presumably limited 
diffusion, absorbed a good deal of tho irritant and protected tho 
pericardium 

(b) The root of the lung Here the thorax was opened, tho 
root of tho lung exposed and the irritant dropped on to the structures 
forming its hdum The result was negativo no hydrothorax was 
produced 

It may be mentioned that several of tho animals which worn subjected 
to this procedure died as soon as tho tincture of iodine ma placed in tho 
desired position respirations bocomo deep and irregular mwl final!) censed 
in full inspiration whilst tho heart continued to heat for eomo minutes Tho 
most probable explanation for this seemed to bo direct stimulation of tho 
\agus Morrison (1020 27) root with tho samo effect whin ho attempted 
to remoto one lung m the rabbit by ligature of all the structures of tho 
pulmonary root It was found that tho application of n local nnwsthefio 
to tho lulum area prior to tho introduction of tho mdino presented these 
untoward results 

(o) The pleural sac in the mid-axillary line Tlus situation 
was chosen ns the one most remote from tho pericardium and tho 
root of tho lung Tho results hero were also negative A dense 
local fibrosis was frequently set up, which resulted in pleural 
adhesions from apex to base in tho axillary region, but m no case 
was tho mediastinal surfneo of tho lung affected and no hydro- 
thorax was oi or produced 

Tho general outcome of theso experiments was the conclusion 
that although it was not essential for the irritant to bo introduced 
into tho poncardml sao itself, tho syndromo which we have described 
resulted from its action on tho structures of tho mediastinum most 
closely related to tho pericardium This syndromo could bo 
produced with the greatest certainty’ by injecting the irritant 
mtraperieardially and this technique was adhered to in our 
subsequent work 
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The mechanism oe production oe the hydrothorax 

A number of possibilities, some more likely than others, presented 
themselves for consideration They may be taken seriatim 

A. Congestive cardiac failure. 

If the action of the irritant were limited to the heart and peri- 
cardium it might ultimately produce progressive cardiac failure 
from adherent pericarditis together with, perhaps, some myocardial 
fibrosis from the direct action of the irritant on the cardiac muscle 
Although hydrothorax does not always accompany chrome cardiac 
failure in. man, it is possible that it might do so in the rabbit There 
are good reasons, however, for the rejection of this hypothesis for, 
although the degree of fibrosis which is produced in the parietal 
pleura following upon iodine injections is considerable, the hydro- 
thoracic syndrome frequently made its appearance before a fibrotic 
reaction had time to develop and, moreover, with regard to the 
myocardium itself, histological examination of the heart in animals 
winch had succumbed did not reveal any myocardial lesion 

B. Local venous obstruction 

This might arise from thrombosis, cicatncal constriction of the 
orifices of the pulmonary veins at their site of penetration of the 
pericardial sac, or by an inflammatory swelling of the tissues and 
lymph glands at the base of the heart The latter tissues were 
always somewhat oedematous and, in the rabbit, the area included 
the pulmonary veins and superior vena cava 

All these possibilities have been investigated but no thromboses 
were ever found, the onset of the pleural effusions was early and 
established before any detectable fibrosis had developed, there 
was an entire absence of oedema or congestion of the head and 
upper limbs which should have resulted if the superior vena cava 
had been obstructed and, finally, animals winch had received 
mtrapencardial injections of iodine and which were killed by 
chloroform three days later often showed appreciable pleural effusion 
without noticeable enlargement of the mediastinal lymphatic glands 
There is no general agreement as to the exact relationship 
between venous obstruction and the production of oedema and 
effusions The matter has been investigated experimentally by 
methods which increase the general venous pressure (Cohnheim, 
1889 , Bolton, 1903-04) and by those in which partial or complete 
occlusion of a large venous channel such as the inferior vena cava 
(Bolton. 1909-10) is produced. It may bo recalled that Lower m 
1CG9 claimed to have produced such “ back pressure ” codema by 
the ligature of veins but this was disputed by Cohnheim Moreover 
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Ranvier, who repeated Lou or’ a experiments, showed that ligature 
of the inferior vena cava did not produce cedema unless tho soiatio 
nerves were also divided More recent work by McMastor and 
Hudack (1932), Hudack and McMaster (1932) and Field, Drinker 
and White (1932) has indicated that, although increased venous 
pressure will not, per se, produce oedema, there is nevertheless an 
increased production of lymph The various news upon the 
formation of lymph in venous stasis are the secretory theory of 
Heidenhain and Hamburger, the new that tho accumulation of waste 
products influences the permeability of the capillary wall, allowing 
greater transudation of fluid, and the mechanical-hydrostatic tlioory 
winch attributes the increased transudation mainly to increased 
venous and capillary pressure, with or without alteration in tho 
semipermeable capillary mombrano from nutritional changes 

A good deal of attention has been paid to these mechanical 
factors Bolton (1909-10) produced a general increase in venous 
pressure by an elastic ligature which constricted but did not 
occlude the venous entrances to the heart and found that ccdema 
of tlio mediastinum and hydrothorax resulted It is of interest 
for our present purpose that, although the venous pressure rose 
immediately tho obstruction u as set up, the rise was not maintained , 
yet where ascites hod been produced by obstructing tho inferior 
vena cava the fluid persisted in spite of the return of tlio venous 
pressure to normal, only disappearing when tho lymphatic circulation 
was relieved of obstruction Bolton's experiments show tho lack 
of dependence of ascites on venous blood prcssuio and tho 
difficulty of explaining it upon purely mechanical grounds It is 
none tho less clear that capillary pressure is n factor which must 
in many eases play a part and we would recall tho experiments 
of Tainter and HaniUL (1924-25) who showed that tho oedema 
produced by paraphenylonediammo could ho prevented by lowering 
the systemic venous pressure 

The pulmonary ta reels traverse tho poncnTdram and receive a 
considerable serous investment from it If tlieso trunks were 
obstructed by tho inflammatory ronction sot up by tlio mtrn- 
pcncardial injection of iodine, visible and histological evidence of 
tins should bo forthcoming nnd some degree of pulmonary oedema 
might be expoctcd That such obstruction would bo of importance 
m producing liydrotliorax is emphasised bv tlio nnatomical observa- 
tions of Millor (1907-08) who showed that in man tho venous blood 
from tho visceral ploura passos mto tho ptdmonntj veins by inter- 
mediate capillaries, although tho arrangement may bo different 
in rabbits 

The condition of the pulmonary vems in a number of the nmmnls 
succumbing to tho cardio-hydrotliorncic syndrome w-ns oxamined 
by removing tho parts entirely and fixing in 10 per cent formalin 
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Dissections and histological sections at the level of the pulmonary 
veins, including the cardio-vcnous junctions, did not show any 
evidence of constriction by fibrosis or other mechanism 

The azygos vessels. When hydrothorax is present m cardiac 
failure in man it is found moie often on the right side than on the 
left and, if unilateral, it is said to occiu earlier and to be greater 
in quantity on the light, side 

Thus Steele (1004) found the effusion to be greater m amount on tlio 
rieht M(le m throc-quaiteis of lus seventy -five patients, and of 13 cases of 
unilateral efluMon 10 Mere right-sided Further it is stated b\ Flint and 
da Costa (quoted bt Landis, 1924) that the occuiTonce of hvdrothora\ 
hears no relationship to tho severity of the cardiac lesion To account for 
these anomalies it has been suggested that tho all-important factor is tho 
imohoment of the larger azygos \em It has been supposed that the 
downw ard traction of an enlarged heart might drag upon tlio vein ns it loops 
o\ei the root of the right lung and m this way obstruct tho return of its 
irnoiis blood, whilst Steele suggested that an enlarged right heart, and 
especially an engorged and dilnted right auricle, might compress the iom 
and s, t up chrome pn«si\e congestion with resulting nutritional nltcintions 
in the capillaries ami \ entiles in its drainage area, thus producing right -sided 
ludiolhnnix Fetterolf and Landis (1909) in opposing this view point out 
that th» unit <izi/go<; major only drams a small part of tho pleura, and that 
whollj parietal, whilst its collateral \enons connections, especially its 
anastomoses with the n/\gos of the opposite side and with the lumbar \eins, 
are ixtensixe and free The largest tnbutaiy of tho a /3 gos majoi is the 
U 7 \gos minor and therefore if compression of tho larger vein woie a factor 
111 causing h\drothorn\ the condition should bo bilateral Tlieso workers, 
strv-s the importance of obstruction to the pulmonnry coin 

It is difficult to concede that the effusion in liydi othorax can 
arise solely or even chiefly from the parietal pleura, as tho azygos 
h\ pot hosts would icqutre Nevertheless we havo thought it well 
to investigate the effect of occluding this vein experimentally. 


The efftrts of ligature of the azygos icin 


Experiments were canted out to test the effect of this, since the 
iodine injections might cause fibrosis about the vein, or 1^ 
thrombosis Whilst the rclnthe wci of the two azygos veins in 
the rabbit do not differ as much as they do m man in many cases 
the right ves-soj was obviously the more important for the drainage 
of th< v panetal pleura 
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blood stream by tlic simple expedient of heating tlio skm, and later, by 
micro direction methods, it was shown by Landis (1927) that the damage 
done to the capillary endothelium by the pressure of a glass rod, although 
insufficient to allow Indian ink particles to pass, permitted the escape of 
dyes (tohiidine blue) He further noted that formaldehyde, ether, chloro- 
form, and alcohol in sufficient strength produce similar results, and that 
the filtration of plasma proteins from capillaries damaged by 10 per cent 
alcohol m Ringer’s solution occurs approximately seven times more rapidly 
than from normal capillaries 

Much detailed information regarding the natuie of the process of dye 
leakage from damaged capillary endothelium is pronded by Menkm and 
Monkin (1930) They used a colorimetric method of measuring the con- 
centration of djo in capillaries and showed that the fall of concentration 
is truce as rapid in inflamed capillaries os m normal ones , a finding which 
they attributed to an increased permeability of the vessel wall produced 
by inflammation. 

We have studied the permeability of the blood capillaries in 
the xelevant areas in our rabbits which received intrapencardial 
injections of tincture of iodine. At different times after the operation 
a 1 per cent solution of dye in physiological saline was injected 
intravenously and the animals were killed at various intervals, the 
distribution of the dye being noted. Two typical experiments are 
described. 

Babbit no 61 Mid-sternal incision Pectoral muscles divided and 
4tli nb cut at costo-stemnl junction 0 2 c c tmet lodi fort introduced 
into pericardial «ac No pneumothorax. Closure in two layers Recovered 
well from an 'esthetic and 20 hours later 4 c c of 1 per cent trypan blue 
introduced into marginal -\cm of car Twenty -four hours after tlio iodine 
injection the animal was killed by chloroform 

Post-mortem The pleural sacs each contained about 10 c c of clear 
fluid, tinted blue The pericardial sac contained blue fluid but not in 
«. xcc««:\ t* quantity At the base of the heart there was wlmt was taken to 
be nn extremely large lymphatic vessel full of blue fluid nnd numerous smaller 
one s were scon coursing m the Mibstemal fat The bn«nl lymph glnnd*, 
prominent but not enlarged, were stained by dye The bulk of tlio blue 
colouration wn« m tlio substenml fat nnd surrounding inflammatory effusion 
The intercostal pleura wav barely tinted The peritoneum contained no free 
fluid nnd was not pigmented except for '-light blue colouration in the 
intestinal wall Tin receptnculum ch\Ii contained pale blue lymph A 
gland from the cardiac region of the stomach, which i- constnnt, nKo appeared 
deep blue, nv did n lymph \ e-sel passing from it to the mnm ducts. Tlio 
abdominal wall was normal 

Babbit no 59. Tlio ►•nine surgical procedure n- in no 111 Jlleven days 
lat'r 3 oc of 1 per cent trypan l,Uio wnv injected mto the marginal vein of 
tl» > ir . 2 J hours later the animal was killed l>y ( ltloroform. 

Pof' roor/cpi A consult ruble collection of blue pleural fluid (25 c e. 
on b side) Apparently dilat'd lymphatic-, wen. w n in the sub-ternal 
fat. 'I b • lymphatic- *e well mark's! on th" thorsu ic a-jv'ct of diaphragm 
tb> \ ino-iij collected to a point «itum«"l -ub-temnlly , but others pa .v-ed 
to tii" tn*<*rpl< ur\! m< mhr\n« wlu»h divides the pleura! snr- 
f 'iv d< rablr n-b rn of at»l»nnnnl wall Tins wa- vliirhtly time-d « dh blue 
Ii,' loi'L of ih~ *!_, ' wa- tone. n* rated in th* m dm-tmum 
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of Higgins’ “ -white label Indian ink ” m physiological sahne This 
-was preferred to other substances, such as colloidal silver, since it 
could be readily identified in histological sections of the regional 
lymph glands 

The animals were ansesthetised by the intravenous injection of 
sodium hexyl-ethyl-barbiturate in the dose of 80 mg. per kg of 
body weight The intrapleural injection was made with a needle 
attached to a rubber tube which led to a three-way tap, the other 
limbs of which were connected to a small water manometer and 
record syringe The injection needle was pushed m a tangential 
direction into the chest, m or about the 4th intercostal space near 
the sternum, the manometer bemg carefully watched As soon as 
a negative pressure was recorded, and the manometer fluid was 
swinging regularly with the respiration of the animal, the injection 
was made Usually about 2*0-3 0 c c of the ink suspension were 
used The animals were kept for varying periods and were eventually 
lulled by chloroform 

Post mortem the lungs were carefully exammed for puncture 
wounds and any animals showing these were excluded The ink 
was usually found distributed in the pleural sac m masses, 
apparently bound up in fibrinous adhesions It passed rapidly 
to the lymph glands, m which it was detectable in 24-48 hours 
Naked-eye examination of these glands sufficed to show whether 
pigment was present, but in all cases a histological examination 
was also made, after fixation in 10 per cent formalin. 

Results In all cases the pigment reached both sets of para- 
tracheal glands, although the deep set received more than the other 
The ink did not, however, reach the superficial basal cardiac glands 
unless some of it had leaked into the tissues of the thoracic wall 
We therefore concluded that this group was not concerned with 
the drainage of the pleura and received its lymph mainly from the 
ventral portion of the thorax. 

The lymphatic drainage of the normal pericardium. . 

Similar experiments were earned out upon the lymphatic 
drainage of this sac These were very disappointing No ink 
appeared to leave the pericardium or reach the related glands and 
it was only after several weeks had elapsed that minute quantities 
of pigment might be found in the superficial basal cardiac glands 
and superficial paratracheal glands Since it was impossible to 
prevent shght leakage of ink from the site of injection into the 
superficial tissues it seemed to us that this accounted for the small 
quantity of pigment found m the glands. Within the sac itself 
the injected ink was found at post-mortem to be distributed 
especially in the aunculo-ventncular sulci and about the line of 
reflection of the visceral and parietal pericardium 
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The investigation of normal animals therefore led ns to the 
conclusion that whilst lymphatic absorption from the pleural sacs 
is abundant and rapid, no such absorption occurs from the pericardial 
sac or, at best, it ts sparse and slow 

The latter observation confirms our earlier findings of 1921, 
and agrees •with those of Shore (1927-28), who used carmine, and 
Drinker and Field (1931), who used methylene blue 

The lymph drainage in animals developing the 
hydrothoracic syndrome 

The lymph glands The functional condition of the thoracic 
glands was investigated in the animals with hydrothorax by 
following the distribution of partioulate matter introduced into 
the effusion Trypan blue and colloidal silver were tried but 
found too difficult to follow, so mdian ink was used ns m our 
experiments on the normal drainage The ink was introduced by 
the manometno method already described in those animals m 
which an appreciable pleural effusion had not had time to develop, 
and by aspiration of some of the effusion and its replacement by 
a similar volume of ink in those animals which had a detectable 
hydrothorax Although mk introduced into the pleural sacs will 
normally find its way into the glands with great rapidity we 
allowed as much time as possible to elapse before killing the animals 
so that ample tune would be available for its passage if the pathways 
to the glands should be partially obstructed Details of these 
experiments are given in the table 


Experiments on lymph drainage from pleura foUomng iodine injection 
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In all of these experiments the naked-eye observations were 
confirmed by microscopical sections of the mediastinum at different 
levels and only in the two instances indicated in the table was a 
minute quantity of pigment found m the glands 

The histological appearances are illustrated by figs 2-5, which 
show glands of identical groups m control animals (figs 2 and 3) 
and in those with the hydrothoracic syndrome (figs 4 and 5) 
The stuffing of the glands until pigment in the first and its absence 
m the second are well shown Details of three typical experiments 
follow 

Babbit no. 42 Small black and white male Ether anaesthesia 
Procedure as usual for mtiapericardial iodine injection Very fair exposure 
but some difficulty in grasping pericardium A mixture of 0 2 c c. tinct lodi 
fort and 0-2 c c 10 per cent planocaine was used for injection, and 0 3 c.c. 
of this was introduced mtrapericardially Closure in routme maimer 
Recovery good Nino days later, 3 c c clear straw coloured fluid aspirated 
from right chest and replaced by 1 c c of 2 per cent mdian ink in sterile 
normal saline Four days later the animal died 

Post-mortem Large collections of pale translucent fluid in both pleural 
sacs Masses of flocculated ink lying in region of mediastinal pleura on 
right side, also towards lowei lobe of light lung A few patches of pigment 
adherent to intercostal and diaphragmatic pleura easily brushed off surface 
There appeared to bo some black lines coursing in the pleural separating the 
two sides of the thoracic cavity (? lymphatic vessels) Traced downwards 
these led to a large mass of flocculated ink, whilst upwards they passed 
to the substemal fat where they appeared to end abruptly and could not 
be further identified The substemal group of lymph glands was prominent. 
Paratracheal groups on both sides appeared to be mcreased numerically 
rather than m size and completely embraced the great vessels at the base 
of the heart The groups of glands were dissected out and sections made 
after fixation in 10 per cent formalin No evidence of pigment m these 
glands (fig 4) 

Babbit no 63 Small black and white male. Ether anaesthesia 0 2 c c 
tinct lodi fort introduced into pericardial sac by procedure of cutting 
4th rib No hsemorrhage , no pneumothorax Immediately afterwards 4 c c 
of 2 per cent stenle mdian ink m normal salme were mtroduced into left 
pleural sac through incision made for exposure of heart Closure in two 
layers Recovery good Five days later, killed by intravenous injection 
of air. 

Post-mortem Considerable bilateral pleural effusion, that on left stained 
by ink, which was also adherent to pleural surfaces m flakes. Transverse 
sections of mediastinum at level of paratracheal lymph glands made after 
fixing m 10 per cent formalin Pigment absent from these glands 

Babbit no 67 Large grey male Ether anoasthesia Iodine injected 
into pericardial sac by routme method 0 2 c c tmet lodi fort mtroduced 
satisfactorily No hsemorrhage , no pneumothorax Twenty -four hours 
later, 3 c c of 2 per cent sterile mdian ink m normal salme mtroduced into 
right pleural sac by manometric method Two days later, killed by chloro- 
form inhalation 

Post-mortem Considerable effusion in each pleural sac Flocculated 
mk in right side There was also some ink m the pectoral muscle indicating 
that the needle cannot have been in the pleural space during the whole 
period of injection Fixation of heart and lungs in 10 per cent formalin 




Plate XVI 

Fig 1 — General condition in the thorax of a rabbit about two weeks after mtra- 
pertcaidinl injection of iodine The left pleural sac lias been emptied, exposing 
the collapsed lung On the light side can be seen the fino adhesions on the 
pulmonary surface 

Fig 2 — Section of paratracheal lymph gland of rabbit no 37a removed 2 days 
aftei intioduction of Indian ink into pleural sac No mtrapencaidial iodine 
Note the stuffing of the lymph paths with pigment x 36 

Fig 3 — Section of paratracheal lymph gland of rabbit no 66 removed 4 days 
after introduction of Indian ink into pleural sac No mtrapencardial iodine 
Note stuffing of lymph paths with pigment x 36 

Fig 4 —Section of paratracheal lymph gland of rabbit no 42 removed 4 days after 
introduction of Indian ink into pleural sac Intiapencardial iodine given 
13 days previously Note the complete absence of pigment x 37 

Fig 6 — Section of paratracheal lymph gland of rabbit no 67 removed 2 days 
after introduction of Indian ink into pleural sac Intrapencardial iodine given 
24 helix's previous to ink Note tho complete absence of pigment x37 
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Trnns\ cn,o sections at lovel of paratraclioal and substomal lymph glands 
Microscopic examination rot cals no ovidenco of deposition of ink in tlio 
lymph glands (fig S) 

These findings appear conclusive once the hydrothorax has been 
initiated there is a complete obstruction to the passage of ink to the 
lymphatic glands draining the pleural sacs 

Furthermore, where, m certain experiments, the injection of 
iodine mto the pericardial sae was simultaneous with tho introduction 
of ink into the pleura, it was found that no pigment reached the 
mediastinal glands it is therefore clear that the interruption to 
the normal lymph flow occurs with considerable rapidity 

From this evidenco we feel justified in concluding that m 
addition to an inflammatory exudate m the area affected by tho 
irritant there is at tho same time an obstruction to the lymphatic 
drainage To some extent, and m the peculiar circumstances of 
our experiments, this would lend support to the viewB of Opie 
(1929) and Menkin (1931), both of whom maintain that in 
inflammatory areas absorption by the lymphatics is impaired 
Menkin is convinced that the mechanism for tins is tho plugging 
of lymph vessels by fibrinous thrombi We have searched many 
sootions of the mediastina in our animals but in none have we 
found any evidence of thrombosis, though many patent lymph 
vessels were soen Bather, on the other hand, were the vessels 
large and apparently full of liquid (figs 6 and 7), supporting the 
view that in eedematous states the lymph vessels have a greater 
calibre than normal instead of being compressed and small (Pullinger 
and Florey, 1935) Moreover the sections of the lymph glands 
suggest that they are the recipients of an increased quantity of 
fluid, since most of the sinuses are dilated 

Given, then, that some sort of obstruction is oreated which 
prevents the exuded pleural fluid from being reabsorbed by way of 
the lymphatic glands, it remains to ask at what site on the pathway 
tho obstruction takes place Unless we ore to assume that tho 
lymph circulation comes to a standstill the blockage may be at 
ono of several points (i) the serous surface itself, (u) in the 
lymph vessels between the serous surface and the regional lymph 
glands , (m) in the glands themselves or m their efferent vessels 
(i) For closure of entry to the lymphatics at the serous surface 
we must assume either a fibrinous exudate or a fibroblastic prolifera- 
tion sufficient to produce such an effect But fibrin itself forms o 
very permeable network which moreover did not usually, in our 
experiments, cover the whole of the pleural surface, whilst the 
fluid exudation into the pleural sao lias been demonstrated ns 
shortly as 24 hours after the mtrapericardial injection and before 
any effective fibroblastio proliferation could have occurred Since 
Indian ink failed to reach the regional lymph glands from the 
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pleural mic when it Mas injected at the same time as the intra- 
pericardial iodine injection, or 24 hours afterwards, the intervention 
of a fibrinous exudate would seem to be excluded and, a- fortiori, 
that of a cellular reaction Wo would also draw attention to the 
fact that in certain animals sections of the pleura on the ink-injected 
side showed that the pigment had penetrated beneath the serosa 
(n) The intermediate lymph vessels Obstruction to these in 
their coiu'se between the serous surface and the glands would 
appeal to be the mo&t piobable event. Such a blockage might 
be due to greatly increased permeability of their nails as a direct 
effect of the diffusion of the iodine, allowing leakage of the 
ti ans polled lymph , it might bo due to mechanical obstruction by 
thrombosis oi endothelial pioliferation and, finally, the viscosity 
of the pleural effusion might be incompatible with its rapid lcmovni 
Although no quantitative chemical estimations of the composition 
of the effusions have been made there is evidence of a high fibrinogen 
content and the effusion, nhen removed, rapidly foimcd a large 
and firm <lot The lymphatic vessels, winch he for the most part 
in the mediastinum, were repeatedly examined histologically , m 
noimal animals which had received intrapleural injections of ink 
this could lie readily seen within them but in the iodine-treated 
animals with hydrothorax no ink Mas present m this situation 
there Mas hkcMise no evidence of pigment having entered and 
leaked from the vessels The thrombi described by Mcnlun (1031) 
Mere never encountered, although tlio vessels which he found 
obstructed in the- May were those at present under discussion 

(in) Thr lymphatic glands and their efferent vessels. Since ink 
failed to reach the glands from the liydrothorax fluid it Mould 
seem that the obstruction ns we iinvo pointed out must bo on the 
pkural side of the glands It is just eonccixable houevet that 
an obstruction to the efferent vessels Mould impair the flow of 
lymph into and through the glands from their drainage areas, s<> 
that the possibility of a pioxiinally acting obstruction had to he 
considered We have attempted to produce this condition and 
to tnmjvuv the picture m> produced ulth that in our animals with 
tin h\ drothurecie syndrome. 
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for 24 hours following the operation Tlio details of this procedure and tho 
findings in one animal are given below those m tho second ammo! were 
m all essentials identical 

Rabbit no 53 Tho operative procedure already described was 
carried out Tho animal recovered immediately from the operation but 
died on the following day Tho abdomen was distended There was 
no oedema of the head or upper extremities On opening tho abdomen 
an excess of free fluid was found in tho peritoneal sno, tho intestines 
were dilated and their contents appeared unusually fluid Tho lacteal-* 
were distended and readily traceable to Aselli’s pancreas at tho root 
of tho mesentery Some fibrinous deposits were present on tho sorosa 
of the stomach Parasitic cysts wero present in the liver and pen 
toneum There was an excess of free fluid — about 3 0 c c — in each 
pleural sac Tho lungs appeared emphysematous Tho usual modi 
astmal glands were enlarged and milky white m colour and it was possiblo 
to see some of tho efferent lymphatics as white knotted cords lying along 
the aorta The pericardium contained an excess of free fluid Tho 
heart was not enlarged 

Histological examination of tlic glands in these animals show ed 
a condition (fig 8) which contrasted very markedly with that 
found m our previous experiments (figs 6 and 7) Both afferent 
and efferent lymphatics were full of lymphocytes and tho glands 
themselves were packed with cells The picture is one of lymph 
obstruction whereas that m tho animals with tho hydrothoracic 
syndrome was not, the glands in the latter having widely patent 
lymph corridors and sinuses and dilated efferent vessels containing 
an excess of oedema fluid These experiments therefore give no 
support to the suggestion that tho obstruction to fluid return from 
tho thoracic cavity was located m tho glands or their efferent 
vessels 

The sum of our results, then, indicates that whilst particulate 
matter m the liydrothorax fluid can make its way for a certain 
distance into tho tissues surrounding tho serous sacs it cannot — 
m sharp contrast to wliat portams in tho healthy animal — proceed 
further What holds it up remains to some extent obscure there 
is no evidence of lymphatic thrombi Tho appearance of tho 
glands does not help, for thoir dilated smuses and efferent vessels 
would Buggest that they aro receiving an excess of fluid from local 
inflammatory changes set up by the imtnnt, rathor than that they 
aro involved m any obstructive process 

StniMAUV 

A form of bilateral chrome and fatal liydrothorax in rabbits is 
described winch was produced bv tho mtrapcricnrdml injection of a 
strong imtnnt such ns tmet lodi fort (B P ) The investigation of 
tho mode of production and maintenance of tins fluid effusion show ed 
that it could not bo attributed to cardiac embarrassment from 
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changes produced either m the heart itself or in the pencaidial 
sac, nor to any form of gross venous obstruction resulting from 
inflannnatoiy or cicatricial changes 

Out of the many possible factors investigated, two emerged 
which it is concluded aie of chief importance In the first place the 
pei mcabihty of the vessels wluch supplied fluid to the serous surface 
u as shown by dye experiments to be increased, since trypan blue, 
a dj*e of large molecular weight, was capable of passing out into 
the effusions Secondly the resorbing mechamsm was obstructed 
Particulate matter, which normally passed readily from the pleural 
sacs to certain of the mediastinal glands, now failed to do so 
although still capable of traversing the tissues for a certain distance 
It seemed, m the absence of more direct evidence, that the movement 
of fluid m the inflamed aiea occasioned by the irritant, wluch lay 
in the route from the pleura to the lymphatic glands, was disturbed 
Xo lymphatic thrombi or gross cause of this disturbance was found 
but it is suggested that the high protein content and viscosity of 
the fluid exudate was such that the physical forces available wcic 
incapable of moving it across the inflammatory zone We suggest 
that such qualitative disturbance in the tissue fluid m inflammation 
is a factor of importance, rather than the quantitative disturbance 
alone, m producing the tumor and oedema of inflamed tissues 
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THE COMBINING POWER OP STAPHYLOCOCCUS 
TOXOID THE DANYSZ EFFECT AND OTHER 
FACTORS INFLUENCING ITS DETERMINATION 

M Llewellyn Smith and S A Price 

From the National Institute }or Medical Research, Hampstead, London 

It has long been known that antitoxin oombines with more toxin 
if the toxin is added all at once than if the addition is made in 
two parts with a time interval between This effeot was first 
observed by Danysz (1902) for ncm and for diphtheria toxin 
Similar observations were made by Sachs (1904) for staphylolysin, 
and by Madsen and Arrhenius (1906) for tetanolysm 

Danysz effect with staphylococcus 

TOXIN-ANTITOXIN MIXTURES 

We have confirmed and extended the experiments of Sachs on 
staphylococcus toxm-antitoxm combination and have demonstrated 
the Danysz effeot in a titration of staphylococcus a toxin uitli 
antitoxin by the rabbit cell hcemolytio method 

Two Bonos of toxin antitoxin mixtures were set up In both senes, 
graded amounts of toxin wore ndded to a constant amount of antitoxin, 
but in senes 1 the toxm was added in one dose while in senes 2 half the 
toxin was added initially and tho second half 4 hours later Both senes of 
mixtures wore allowed to combmo for 30 minutes at room tcmporature after 
tlie last addition of toxm, a constant dose of washed rabbit 6154111001403 was 
then added to each tube and tho degree of haanolj’sis was read after 
60 minutes’ incubation at 37 ° C 

It will be seen from table I that one unit of antitoxin will just 
neutralise 0 15 0 0 of the toxm when this is addod m one portion, 
but that the same amount of antitoxin will neutralise only about 
0 12 0 0 of toxm if it is added in two equal portions at an interval 
of 4 hours 

The degree of displacement deponds on tho proportion of tho 
total toxin added initially As this proportion doorcases from 
100 to 0 per cent , tho total toxm required falls to a minimum and 
then nsos agam Tho maximum displacement occurs where the 

rooxx or rim .— tol xitt sso x2 
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Table I 


Danyaz effect in staphylococcus toxin-antitoxin combination 


j Series 1. 

i Toxin mldcd nil at once Mixtures 
j incubated i hr before addition of cells 

Senes 2. 

Toxin added in two portions with interval of 4 lire 
Mixtures incubxtcd 4 hr after 2nd addition 

Dose of toxin (c c ) 

Hffiinolvsls 

1st addition of 
toxin (c c ) 

2nd addition of 
toxin (cc) 

litemolysis 

0 09S 


0 049 

mm 



— 



— 


— 


0 00 

tr 

HI 

— 

0 OGG 

0 000 

P 

0 14C 

— 

0 073 

0 073 

c 

0 10 

P 

0 08 

0 08 

c 

0 176 

P 

0 088 

0 088 

c 

0 194 

ac 

0 097 

0 097 

c 


AH tubes in both series contained 1 unit of antitoxin and tho total volume was 
the same Toxin used no 28A 


c = complete htcmolj sis. p = partial haemolysis 

nc = almost complete haemolysis tr = traco litemolysis 

— = no haemolysis 

fii st and second doses of toxin are about equal This is illustrated 
by an experiment the results of which aie recorded m table II 

Seven senes of mixtures wore set up In each sories graded amounts of 
loxm xi ere added to one unit of antitoxin, tlio toxm boing added in two 
fractions with a timo interval of one hour The proportion of toxin added 
initially to that added subsequently decreased from senes 1 to series 7 Tho 
mixtures were allowed to stand on tho bench for 30 minutes nftor tho second 
addition of toxin, after which tho red cells wero added and tho test was 
completed ns before. 

It will be seen that when tho first and second doses of toxin 
are approximately equal (scries 5) the sliift in end-point is 18pcr cent , 
whereas in series 2 in which the initial dose represents eighteen- 
nineteenths of the total toxin required the displacement is only 


Table IT 


Jnjlucnrx on the Danysz effect oj varying the proportion 
betuecn the first and second additions of toxin. 



l«t toxin 

(re ) 

2nd Cfr.fi toxin 
(cc 1 

Totil toxin (c c ) 

Toxin required ns 
fraction of J.b do** 1 

i 

0 10 

0 

0 10 (*-L1i) 

(1 00) 

* 

o no 


0 101 


1 o 

o m 

0 0105 

0 150 

0 91 ' 

4 

0 110 

o on 

» 143 


u 

0 000 

0 005 

o in 

0 t>2 


O OK. 

0 12'! 

O 115 

0 91 

4 

O fhrs 

0 151 

0 10 

1 00 j 

» 


\«> <■ i i r (i xiu 50 l) it 'juip-H tf> r>»M>.K buvnolvM* 

' ' "> Ptltifvl m tu IV fn riinnii n • , f f 
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4 per cent , and in series 6 m which the initial dose is only one-ninth 
of the total tosm required the displacement is 9 per cent Similar 
observations were made by von Dungem (1904) for diphtheria toxin, 
by Sachs (1904) for staphylolysm and by Madsen and Arrhenius 
(1906) for tetanolysm 

Reversal of the Danysz reaction 

Arrhenius (1907), reporting some experiments by Madsen, 
stated that the Danysz effect was not permanent The abnormal 
toxicity of tetanolysin-antilysin mixtures produced by adding the 
toxin in fractions was slowly lost and after 6 hours at 37° C the 
mixtures were no more toxic than if the toxin had been added in a 
smgle dose 

In staphylococcus toxin-antitoxin titrations by the liaemolytio 
method it is our practice to record hcemolysis after incubation for 
one hour at 37° C and again after the mixtures have stood on the 
bench overnight Haemolysis progresses somewhat between the 
first and last readings but we have observed that the progression is 
less m those senes m which the toxin has been added in two parts 
than m those in which a smgle addition of toxin has been made 
In other words, the Danysz effeot appears less pronounced at the 
overnight than at the earlier reading This may bB due to reversal 
of the Danysz reaction but such reversal is slow m staphylococcus 
toxm-antitoxm combination If an interval of 24 hours be allowed 
to elapse between the second addition of toxin and the addition of 
red cells, the extra toxicity is less than if the interval is one hour, 
but it is not entirely suppressed 

The mechanism of the Danysz reaction 
Two hypotheses have been advanced to account for the Danysz 
phenomenon von Dungem suggests that toxic filtrates contain 
two components, both of which combine with antitoxin, only one 
being toxic He further supposes that the toxin combines more 
readily with antitoxm than the non-toxic factor which he calls 
epitoxonoid The L+ mixture of toxin and antitoxin contains 
one lethal dose of toxin free and will, according to von Dungern, 
contain also considerable amounts of free epitoxonoid Thus the 
measurement of the L+ doso will not give a measure of the total 
antigen present m the filtrate von Dungem, however, postulates 
that epitoxonoid will combine completely with antitoxm if the 
latter is present m excess and that, once combined, it is only very 
slowly displaced from its combination by the addition of toxm 
H, therefore, half the L-f- dose of toxm is added to one unit of 
antitoxm all the antigen combines and will take up more than hnlf 
a unit, so that less toxm than half the L+ doso is now necessary 
to render the mixture lethal There seems insufficient reason for 
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distinguishing between von Dungem’s epitoxonoid and the substance 
which is now called toxoid His arguments would equally apply 
to the mixture of toxin and toxoid present m bacterial filtrates 

The second hypothesis is that toxin and toxoid can combine 
with antitoxin in more than one proportion. Healey and Pmfield 
(1935) claim to have shown that two compounds of diphtheria toxin 
and antitoxin exist, TA and TA 2 Toxin, or the neutral compound 
TA, will combine with excess antitoxin to form TA 2 On this 
hypothesis, when toxin is added to antitoxin m two fractions, the 
initial fraction combines with the excess antitoxin to form TA 2 
When the second addition of toxin is made this antitoxin is not 
available for its neutralisation and a more toxic mixture results 
than would have occurred if the toxin had been added all at once 
Healey and Pmfield showed that the compound TA 2 is unstable in 
the presence of toxin and reacts with it relatively slowly to form TA. 

The significance of the flocculation reaction. 

According to von Dungem, the Danysz phenomenon is explained 
by the fact that to xin has a lngher affinity than toxoid for antitoxin 
As pomted out by Glenny (1931) a corollary of this hypothesis is 
that the Danysz effect should not be demonstrable in flocculation 
reactions, in winch total antigen (toxm+toxoid) is measured 
S Schmidt (1927, 1928), however, was able to show that the 
“ indicating tube ” in flocculation tests with tetanus or diphtheria 
toxin and antitoxin was displaced towards the side of excess anti- 
toxin when the toxin was added in two fractions 

We have not been able to confirm Schmidt’s finding, with 
staphylococcus toxin and antitoxin The mixture to flocculate 
first has exactly the same composition whether the toxin is added 
in a single dose or in tv o parts 

TnE DETERMINATION OF THE COMBINING POWER OF TOXOID. 

The significance of the Danysz phenomenon 

Nflis's method Owing to the fact that formahn destroys the 
hamiolvtic action of staphylococcus toxin, estimations of the 
combining power of toxoid by the haunolytic method involve the 
addition of an “ indicating dose ” of toxin to the toxoid-antitoxin 
mixtures In the method described by Nelis (1935) quantities of 
antigen m senes, including the expected Lb * dose, are each mixed 
with two units of antitoxin and the mixtures allowed to stand 
for 20 mmute«, after wlucli a full Lh dose of toxin (previously 
ascertained) is added as the indicating do^c and the mixtures 
are nenin left for 20 minute', before the addition of red cells 

71 <* Lb «!<•*« « r h toxui'i is tlx* do-*, vrhii li ju<t binds one unit of antitoxin. 
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In making some comparisons of the potenoy of samples of 
staphylococcus toxin and of their formol-toxoids it was found that 
the power of combining with antitoxin had apparently increased 
dunng formohsation For the toxin samples the reciprocal of 
the Lh dose was taken as a measure of combining power, for the 
toxoids the reciprocal of the Lb dose as determined by the method 
of Nelis The apparent increase in combining power is explained 
by the fact that the estimations of toxin and toxoid were not 
earned out by comparable methods In determining the Lh dose 
of the toxm the antigen was added all at once, whereas in the 
estimation of the Lb dose of the toxoid the addition of antigen was 
m two parts Whatever the cause of the Danysz phenomenon 
it is clear that it should be taken into consideration when such 
comparisons are made If both toxm and toxoid are titrated by 
the method of NVSIis, then, since both antigens have been added 
fractionally to the antitoxin, a Danysz reaction ocours m both 
instances and, provided the tests are performed under the same 
conditions and the same sample of toxm is used aB indicator, the 
reciprocals of the Lb doses observed will give comparable measures 
of the relative potencies of the toxm and of its formol-toxoid 
Table m shows suoh an experiment m which the combining power 
of toxoid 37A has been estimated by the method of Nflis and that 
of the toxm of origin both by the method of Ndlis and by the 
Lh method 

Table IH shows that if the potencies of toxm and toxoid are 
compared by the same method the combining power of the toxoid 
appears the lower, whereas if the Lb dose of the toxoid is compared 
with the Lh dose of the toxm it would appear as if formohsation had 
increased the combining power 

Owing to the fact that different samples of toxm contam 
different proportions of toxoid, estimates of the potencies of 
antigens may not be stnotly comparable unless the same indicating 
toxm is used m all tests It should also be borne in mind that if 
much time is allowed to elapse between the addition of toxm and 
the addition of red cells, reversal of the Danysz reaction may have 
set in Since for staphylococous toxm and antitoxin this reverse 
reaction is very slow, the deviation duo to this cause should not 
be great 

McClean’s method Another method for comparing the com- 
bining powers of toxins and of the toxoids derived from them under 
comparable conditions is that advocated by McClean (personal 
communication) In McClean’s method the toxoid is blended with 
an equal volume of toxm and the Lh dose of the blend is determined 
in the ordinary way Since the antigen is added all at once the 
Danysz phenomenon docs not affect tins method The combining 
power of the toxoid is derived bj calculation from a Know lodge 
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of tlie Lh doses of the indicating toxin and of the toxin-toxoid 
blend An example is given to show the method of calculation 


Lh dose of indicating toxin 

Lh dose of mixture of equal parts toxin and toxoid 
0 17 c c blend contains 0 085 c c toxin -}-0 085 c c toxoid, 
so that 0 085 c c toxoid is equivalent to 0 14r-0 085 c c 
toxin 


= 0 14 c c 
= 0-17 cc 


toxin . =0 055 c.c 

toxin 

0 085x0 14 c c „ 

The Lb dose toxoid -will thus be .-r- . = 0-22 c c. 

0 055 

If the toxin of origin is used as indicating toxin, the ratio of the com- 
bining power of the formol-toxoid to that of the toxin of origin becomes 
0 055 

Q-Qgg or 65 per cent. 

Table III. 

Influence of method on the comparative estimations of combining 
power before and after formolisation 


Series 1 Combining power of toxoid 37A by method of N61is 


Dose of toxoid (c c ) 
Dose of antitoxin (units) 
Dose of toxin 37A (c c ) 
Haemolysis 


Lb of toxoid taken as 0 12 c c 


Series 2 Combining power of toxm 37A by Lh method 



Dose of toxm (c c ) 

0 098 

Dose of antitoxin (units) 

1 

Htemolysis 




0 14 

0 168 

1 

1 

P 

ac 


Lh taken as 0 14 c c 


Series 3 Combining power of toxm 37A by method of N61is 


Initial dose of toxin (c c ) 
Dose of antitoxin (umts) 
2nd addition of toxm (c c ) 
Hicmoljsis 



0 097 

0 116 

o 

o 

0 14 

0 14 

P 

c 


Lb of toxm taken as 0 097 c c 


One advantage of McClean’s method is that if the toxin of 
origin is used as indicator and if the toxin-toxoid blend is graded 
from the Lh value of the toxin to double that value, the hsemoljdic 
end-point v ill always be on the scale oven if the toxoid under test 
has no combining power left The disadvantage of the method 
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calculated inswei is not etjinl to tint of the determined Lb \ itn > 
of the blond, the possible precision tkjiends moremcr on tie 
relative potencies of the toxoid under test and of the m he iting 
toxin Table 1\ lllustntcs a pnlinnnnn orientating exp- rnne 
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estimations by the methods of McClean, Dolman and Kitcliing, 
Smith and Price to give answers that were the same or nearfy the 
same. That this is not so in practice is shown by table V which 
gives the results of a study of the combining powers of 5 toxoids 
and of their toxins of origin by a variety of methods A search 
for further causes of discrepancy was therefore made. 


Table V. 


Estimates of combining power of staphylococcus toxin and toxoid 
by different methods 


Scries 

no 

Antigen 

LIi 

Lb 

(Xdlls) 

Lb 

(McClean) 

Lb 

(Smith-Price) 

Lb 

(Dolinan-Kitrliing) 

■ 

Indicating dose 

Indicating dose 

10MHD 

2MHD 

10MEI) 

2MHD 

H 

Toxin 46 

0 09 

0 045 


0 068 

0 09 

0 044 

0 08 

0 059 


„ 20 

0 095 

0 045 



0 055 

0 095 

0 032 

0 09 

0 044 

IB 

„ SOD 

0 13 

0 08 

- 

0 088 

0 11 

0 069 

0 08 

0 069 


Toxoid 46 b 

. 

0 085 

0 26 

0 088 

rag 

0 083 


0 059 

5 

20 b 


0 09 

0 30 

0 12 

alii 

0 069 


0 062 

6 

„ 46 n 

— 

0 145 

0 34 

0 IS 

gEf 33 



0 152 

7 

, 20a 

— 

0 20 

0 57 

0 38 

grill 



0 22 

8 

„ 50 Da 

— ' 

0 53 

0 89 

0 52 

>1 o 

0 30 


0 27 


The displacement of toxoid by toxin from its 
combination with antitoxin 

Burnet investigated the powei of staphylococcus toxin to 
displace toxoid from its combination with antitoxin He concluded 
that, though the degree of displacement was very small, yet it was 
sufficient to affect seriously the estimate of combining power of 
toxoid unless the addition of cells was made within two minutes 
of the addition of toxin Dolman and Kitcliing also tlunk it 
essential to lose no time between the addition of toxin and of cells ; 
they go so far as to advocate the addition of cells before the toxin. 

It was of interest to study the effect of varying the amount of 
toxin used as indicating dose Prom table II it is clear that the 
smaller the indicating dose the less will be the Danysz displacement 
On the other hand a very small indicating dose might bo completely 
used up m displacing toxoid from its combination with antitoxin, 
uliereas if tlio indicating dose were larger some might be left over 
and still be available as an indicator of haemolysis In a senes of 
estimations by the Smith-Price method the tests were repented 
three times using three different, indicating doses of toxin The 
influence of the Danysz effect can best be studied in those senes 
which involve toxin only (table V, series 1-3), since m these there 
are no complications due to displacement of toxoid by indicating 
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tlie toxin and antitoxin time to combine before adding the cells. 
In this connection, H. Schmidt (1937) recommends a contact time 
of more than 10 minutes Our latest experiments suggest that 
the time of contact of indicating toxin and antitoxin in toxoid- 
combinmg-power determinations should be at least 3 minutes, 
and it is probably advisable not to leave the mixtures in contact 
longer than about 10 minutes, as this may involve an mcreased 
risk of displacement of toxoid by indicating toxin Even with 
a contact tune of 30 minutes, however, the error due to this cause 
is not great 

Table VI. 


Speed of combination of staphylococcus toxin and antitoxin 


Time of contact 
of toxin antitoxin 
mixtures before 
adding cells 

Haemolysis produced by varying amounts of to\in (c c ) added to one unit of antitoxin- 


0 OSS 

0 042 

0 046 

0 050 

0 055 

0 060 

0 066 

0 073 

0 080 


0 097 

30 nuns 


__ 

___ 






p 

ac 

c 

8 „ 

— 





— 








tr 

ac 

c 

4 „ 

— 





. 



— 





tr-p 

ac 

c 

Cells added 
immediately 
after toxin 


" 


— 

— 


— 

tr 

tr-p 

ac 

G 

Colls added 
immediately 
before toxin 

tr 

tr-p 

P 

P 

p 

ac 

c 

c 

c 

c 

C 


c = complete hmmolysis p = partial haemolysis 

ac = almost complete haemolysis tr = trace haemolysis 


— = no haemolysis 

The flocculation reaction 

Many references occur in the literature to studies of the 
combination of staphylococcus toxoid and antitoxin by means of 
the flocculation reaction This method is recommended (eithei 
alone or in conjunction with others) by Dolman and Kitclnng 
(1933), Ramon and Richou (1936) and Ramon, Richou and Rouclidi 
(1937) for the determination of the potency of staphylococcus 
toxoid The Lf doses of the eight antigens under investigation 
are recorded in table V. 

It is not easy to assess the value of flocculation tests for the 
determi nation of combining power of staphylococcus antigens on 
account of the frequent occurrence of more than one flocculation 
zone. This applies to many sera, including the British standard anti- 
toxin Again, some samples of toxin and toxoid are more prone to 
give multiple flocculation zones than others It may be that the 
other zones are due to antigens other than a toxin, but if this is so 
vi e do not endorse Dolman and Kit ching’s view that it is always easy 
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factors, the amount of antigen present and its affinity for antitoxin 
If we assume that the flocculation figures give a true measure of 
the total amount of antigen present, the ratio of the Lf to the Lb 
(McClean) mil give an indication of the relative affinities of samples 
of forinol-toxoid and of their toxins of ongm The figures are 
given m the last column of table V. It will be seen that the two 
toxoids m which this ratio is highest are 20a and 46a and these are 
the two in which there is no significant difference between the 
Lf and the Lb (Nebs) This indicates that in these two toxoids 
the Nelis method gives a measure of the total antigen and that 
no displacement of toxoid by indicating toxm can have occurred 

The facts so far are therefore in accordance with v Dungern s 
hypothesis, but it must be remembered that this explanation of 
the Danysz phenomenon is by no means universally accepted If 
we assume that the Danysz effect is due to the formation of an 
overneutrahsed compound TA 2 m the presence of excess antitoxin, 
those methods in which the antigen is added m a single dose must 
be held to give a truer estimate of the combmation of antigen 
and antitoxin to form a neutral compound than methods m which 
the antigen is added fractionally Tins hypothesis would therefore 
give the palm to McClean’s method, with the Smith-Price and 
Dolman-Kitelung methods not far behind 

However, it has been shown that staphylococcus toxm can to 
a certain extent displace toxoid even after it has united with 
antitoxin and it is probable that if the toxm and toxoid compete 
simultaneously for the antitoxin, as they do in McClean’s method, 
the distribution of antitoxin will favour the toxm even more F° r 
this reason, the binding doses obtained by tins method are probably 
rather too high. 

It has been suggested by Burnet and by Dolman and Kitchmg 
that the displacement of toxoid by toxm is rapidly progressive 
and that it is therefore essential to leave toxm m contact with the 
toxoid-antitoxm mixtures for the shortest possible tune We have 
shown that the evidence brought forward by these workers can be 
explained on other grounds and we suggest that Dolman and 
Kitcliing’s results may be too low because they have not allowed 
sufficient time for the mdicating toxin to unite with any free 
antitoxin before the addition of the cells On the other hand, 
it is true that a certain amount of displacement does occur, as 
indicated by the anomalous results obtained by the Smith-Price 
and Dolman-Kitelung methods when the indicating dose is le 1 --’ 
than ~i M H.D For this reason we do not tlunk that the correction 
applied by Dolman and Kit clung for the amount of antitoxin used 
up l*y the indicating toxm can have quantitative significance 
unlpr-, one ascertains the proportion of the indicating dose that 
has !>cen u-td m displacing toxoid and the proportion that is free 
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mediiun used for 46b was less suitable for immunising purposes 
It may well be that the quality of the antigen is at least as 
important for antitoxin production as the actual amount of 
antigenic material present 


Summary. 

1 The Danysz phenomenon has been demonstrated m staphylo- 
coccus toxm-antitoxin combination 

2 The effect is greatest when the two additions of toxin are 
equal in magnitude 

3 The Danysz effect was not encountered in the flocculation 
reaction. 

4 The influence of the Danysz effect on estimations of combining 
power is discussed 

5. Methods m use for the estimation of combining power are 
critically examined 

It is a pleasure to acknowledge our indebtedness to Mr A T. Glonny 
and Dr D McClean for their constructive criticism and help 
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OXYGEN UPTAKE OE WASHED SUSPENSIONS 
OP C DIPHTHERIA IN THE PRESENCE OP 
GLUCOSE AND GLYCOGEN 

R Knox and R Passmore * 

From the Department of Pathology, Cambridge 

Since the early days of bacteriology it has been customary to 
observe the ability of micro-organisms to produco acid from 
carbohydrates added to the medium in which they are growing 
These “ sugar reactions ” have been used in tho identification and 
classification of varieties and have been of great value m practical 
diagnosis and problems of bacterial taxonomy Thoy havo, 
however, been of little value in elucidating tho nature of tho 
baotcrial variations associated with changes in virulence and 
mvasiveness of different types, and thoy tliron no light on the 
mechanisms of patliogomcity This is partly duo to tho fact that 
many of tho sugars employed could play but httlo part in the 
normal ecology of tho organisms , ability or failure to ferment 
them could havo no direct bearing on the normal motabohsm of 
tho pathogemo bacteria as they play no part m the physiology of 
the mammalian host on winch tho bacteria are dependent 

In tho Corynebaclcna group there does appoar to bo some 
correlation between pathogenicity and power to ferment carbo- 
hydrates Gravis strains of Corynebaclcnum diphtheria: can be 
distinguished almost invariably from vuhs by their powei of 
fermenting glycogen and starch There can bo no doubt ns to tho 
importance of glycogen in mammalian physiology, while knowledge 
of tho importance of polysaccharide substances in relation to 
bacterial virulonco is being rapid]} extended In theso oxperunents 
wo hoped to see whether it would bo possiblo to correlate tho extra 
virulonco of tho gravis strains with tho possession of an extra 
enzyme systom for carbohydrate breakdown To study tho 
systems more readdy and at greater concentrations, washed 
suspensions of 24 -hour growths of C diphtheria: have been used, 
and this paper gives an account of tho oxvgon uptake of such 
suspensions of grans and milts types m tho presence of gluroso 
and glycogon 

HcrnoDs 

Only strains which could bo readily classified as gravis or milts were 
used (Anderson ct at, 1931 Cooper c i at, 1035 30) Tho gravis strains 
• Gwynaeth Pretty Student 
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gave typical rough, irregular “ daisy-head ” colonies on solid modia, granular 
growth in broth with marked pellicle formation and always fermented glycogen 
in fermentation tubes containing the media described below The mitts 
strains gave smooth round colonies on solid media, produced a uniform 
turbidity m broth with little or no pellicle and never fermented glycogen 
in fermentation tubes Stained films of the gravis strains usually showed 
short forms with few metacliromatie granules, while the mills strains usually 
showed long forms with well-marked metacliromatie granules 

Two media were used for growing the organisms — peptone broth prepared 
ns described by Wright (1933) and the semisynthetic medium described by 
Pope (1932) the composition of which is as follows. 


Magnesium sulphate . 

. 0-2 g. 

Calcium chloride 

• 0 lg 

Di-sodium hydrogen phosphate 

1-0 g. 

Di-potassium hydrogen phosphate 

. 1 0g. 

Glacial acetic acid 

3 0 g. 

Difco proteose peptone 

. 20 Og 

Water ... 

to 101 


Pope’s medium was adjusted to pH 8 0 and filtered and then sterilised by 
autocla\ ing, glucose being subsequently added m 0 2 per cent concentration. 
For study of the fermentation reactions 0 5 per cent, of glucose, glj cogcn 
or starch was added instead 

The media were distributed in Roux bottles, 250 ml per bottle About 
1 ml. of a 24-liour growth in broth was used as an inoculum After incubation 
for 24 hours at 37° C the culture was decanted into centrifugo tubes and 
the organisms were spun down and washod twice with 0 8 per cent sodium 
chloride solution They were then re-suspended m saline and standardise 
roughly by an opacity tube so that 1 ml of suspension contained 50 x 10 
organisms, w Inch corresponded to 4-7 mg dry weight of bacteria Thrco 
Roux bottles usually' gave 20 ml of such a suspension The oxygen upta *o 
wa» measured with Barcroft manometers as described by Dixon (1934). 
Racli vessel contained 1 ml. of suspension and 2 ml of Rmger pliosplinto 
to which appropriate amounts of substrate wero added The composition 
of the Rmger phosphate was ns follows 


Sodium chloride ... . 7-08 g. 

Potassium chloride . . . . . 0 20 g 

Sodium bicarbonato . . . . 0 12 g. 

M/10 phosphate buffer ndjusted to pH 7*6 1 00 1. 


The gluco=e and glycogi n were added m finnl concentrations of 0 2 and 
0.7 per cent respectively, as preliminary oxjienments showed that the 
minimum ■jub-.tmto concentrations required to saturate the respective 
< n/\ me systems lay will lielow them figures The glycogen used was a 
luchlv purified prepimtion kindly given us by Dr D T. Bell, nnd the «=nme 
spe< un n was u-ed for making up the media for the fermentation tubes 
\ll <-tnnntion-. wire done in duplicate nnd the dujilientes agreed within 
7 T> r c* nt The im!< wire «hnken m a water bath at 18' C. After » 
prel tnmnrv p mvl of 30 minut*-s for equilibrution, readings were taken nnd 
t). ’ <■■.* mation-i of oxyg* u uptake were mad” ov< r the next 00 minute p nod 
fi> f..< .htnte emnpiri-on of the re-nlt-. of diffi r< nt experiment-* the oxyg'n 
upieki vni **xpp * — * dm tli* numb'r of e nun of oxy g« n tnki n up j>er hour 
p “ r-g dry w< wlit of biet» rial • ti-p>*i-ion, r> f* rred to as rjQ. 
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Results 

The uptake of oxygon m the presence of glucose and glycogen 
was first determined for two typical corynebaeteria, D 13, a gratis 
strain with typical colonies which constantly fermented glycogen, 
and D 14, a milts strain which never fermented gljcogon Tho 
washed suspensions were prepared from 24-hour peptone broth 
cultures Table I shows the results from four e\perunents with 
each Tho ?O a glycogen for D 13 (gravis) varied between 18 and 
30, and for D 14 (mitts) between 11 and 21 Thus the grans strain 
had a sbglitly higher ?0 2 glycogen than the milts, but there Mas not 
the same hard and fast distinction between tho two as m tho 
fermentation tubes 

Taels i 


Oxygen uptake by grains and rmtis types of C diphtheria: 
mlh glucose and glycogen 


TXpt. 

no 

Organism. 

Control 
(No carbo- 
hydrate ) 

Glycogen 

Clticoic 

<rO, elycofd, ... 

sO.elero-c x 100 

26 

D 13 {grans) 

8 

18 

60 

28 

31 

„ 


30 

El 

37 

33 


Km 

EH 

S3 

35 

34 

i. 

IS 

m m 

■1 

33 

28 

D 14 (mt/is) 


pm 

ss 

13 

30 




03 

23 

37 

, f 

K.m 


110 

14 

38 

- 

mm 

u 

74 

17 


In columns 3 5 tlio figures show the uptake of O, in c mm per hour per mg 
dry weight of suspension (gO t J 


Similar determinations wore made on n number of grans and 
mills strains recently isolated by Dr Robinson in Liverpool In this 
senes the organisms wero grown on Pojio’s semisynthetic medium 
It will ho seen from tablo II that, oxcopt for M 1, the oxj gen 
uptake m tho presence of glj eogen exceeded that in tho controls 
with all the milts strains Tho ratio ?0 2 glj cogen qO. glucose 
is of tho same order in tho two sones 

Thoro is thus a discropancj between the bclini lour of the 
wasbod suspensions and that of tho organisms growing in fermenta- 
tion tubes These experiments demonstrate that both grans and 
mihs strains after 24 hours’ grow th possess a mechanism for glj cogcn 
metabolism, but that in the conditions in the fermentation tubes 
this is apparently not used 

Two possible explanations of tlus discrepancy suggested them- 
selves (a) that tho milts strains wero really capable of breaking 
down glj cogcn m tho fermentation tubes, but without production 
of acid , (6) that tho clear cut diflfcronco between tho two types 

JOTO.T OF Min.— YOU X1YI XT 2 
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-with regard to acid production might depend upon special conditions 
of aeration present in fermentation tubes 


Table H. 

Oxygen uptake of C diphtherias with glucose and glycogen. 


Organism 

Control 
(No carbo- 
hj drate ) 

Glj cogen 

Glucose 

ffO, glj cogcn „ lnn 
gO t glucose 

Grans 1 

4 

34 

104 

33 

„ 2 

2 

18 

70 

36 

„ 3 

IS 

47 

72 

65 

,, 4 

3 

21 

74 

28 

St d 

5 

24 

122 

20 

Mihs 1 

4 

6 

72 

8 

„ 1 

6 

7 6 

92 

8 

•> 

12 

48 5 

132 

36 

> 

4 

15 5 

83 

19 

„ 4 

14 

29 5 

130 

23 

„ 4 

4 5 

32 

123 

26 

„ c 

3 

17 

74 

22 

„ 6 

10 

29 

120 

24 


Figures as in table I 


Breakdown of glycogen in fermentation tubes. 

It seemed possible that the difference in behaviour between 
washed suspensions and growing organisms was only apparent, 
since if mitts strains broke down glycogen m fermentation tubes, 

Table III. 

Destruction of glycogen by C diphtherial in fermentation lubes. 


Organism 

Total carbohydrate 
remaining (mg per ml ) 

Gravis 1 

1 6 

„ 3 . 

1 3 


0 8 

„ 0 

0 9 

Mitts 1 

2 2 

O 

t* •* 

2 3 

4 

2 3 

„ 6 . 

2 1 

None (control) 

2 3 


Medium — Pope’s semmj nthctie. 
Period of incubation = S days at 37° C 


but at the* same time produced alkali then acidity Mould bo of no 
help as an indicator of glycogen breakdown To test tins point, 
a c '*rif*<s of tubes each containing 5 ml of Pope’s semisynthetic 
medium and 2 per cent glycogen was inoculated with different 
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between the two types. Washed suspensions of both gram and 
mitis strains after 24 hours’ growth in liquid mtdia are ablo in 
take up oxygen in the presence of glycogen, though the grant 
strains are certainly more active on the average. But under 
conditions where growth is taking place m the presence of peptone 
this mechanism would appear to be completely inhibited with tie 
mitis type It has been shown that this inhibition is real, since 
mitis strains do not remove glycogen m fermentation tubes h 
has also been shown that conditions of aeration are important in 
determining fermentation It is probable that other factors ph\ 
a part, and possible that in the presence of a nutrient niedinm 
containing the products of protein breakdown the metabolism of 
polysaccharide may be “ spared ” to a greater extent with tniid 
than with gravis strains. 


Summary. 


The oxygen uptake of washed suspensions of G. diphth'M 
gravis (6 strains) and of mitis (7 strains) has been determined int 
glucose and glycogen as substrates The q0 2 for glucose was o 
the same order m both types — about 92 The average rasu us 
q0 2 for both types in the absence of added substrates ^was a ou 
7-5, with glycogen the average for gravis strains was 27, for ^ 
strains 19 It has been shown that the distinct difference be vr ^ 
gravis and mitis strains as judged by their power to ferment g 
in fermentation tubes does not hold for washed suspensions 
possible significance of these results is discussed 


We wish to thank Professor H. R Dean for his interest 
advice and Dr D T. Robinson for kindly supplying most of the o^ 
used. 
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" THE METABOLISM OF WASHED SUSPENSIONS 
OF G UOFMAXKII 

R PASSsionr* 

1 torn the Department a] Pathology, Cambridge 

Stsct tlio original description of C hnfmnnnu bl von Hofmnnn- 
Wellcnhof m 1888, its clinical mgnifienneo nnit classification lm e 
been matters of dispute 'l'iio u hole tpiestion of its relationship 
to C diphtheria- has been reopened by the recent elmms of Bold and 
Wcigmnnn (1*131 3'i) to lmi e com erted C diphtheria- into O /m/ni(tnmi 
b\ tlio action of human Filnn If this is Mibstnntiated the 
miportnneo of this organism m the epidemiology of diphtheria mat 
bo lonsidorable Tho lomplete ab-cncc of the power to ferment 
carbohydrates has a hi ays sharply distinguished C Ao/monmi from 
othor coryncbnctena and it was thought that an ini estimation of 
this deficiency b\ means of experiments uith uaslud suspensions 
of baetena uould bo mt< resting An orpaiusm tlint cannot utilise 
glucose is of itself a curinsita, and it tins hojied by comparisons 
uith C diphtheria- to throu light on its true rlasnfic mon, nnd 
also on t ho extent of t ho 1 hanges int oh ed in t ho eons croon reported 
bt Bold and Wcigtnnnn 

Mmioos 

Tim methods used rtrn 1 wntnUt lb > o ile'ionlKsl In the prei ions j ipcr 
(Knox imd Passmore ItICM Tim strain of ( hnjrvmnu «m faun llm Xnltenrl 
totleclion of Tipo Pultuns Vorpltolo.irnth t* er/nsistod ef slier* llnl, 
•Hinted rods remntUnldy uniform in tire ami « itb tin m inc'ir tnslie piumlM 
H has Gmm perotne TIm a urns no fcrin*'iilaltoii of any ciubolii 1m " 
teded and Ilia orpimon ivas ceinpV'rls auniViit to muirs p in lrlij 
ita -as 

It nas found lo (..run more profile'll on »oltd ibon on liquid in slit an I 
to bale n aorm what tong list jdwire 1 *uiw * jnoi e IaIiitIi hit's poreth I oil 
Initial plire nl Cl hour* Tba del All* of llio Rrontli * v e ilill ns fo* ese'i 
1 xponmml ore n* follows 



V*1 ’T' 

K'ttViaif 

r **1 

ni 



v: 01 

Nittfr* if »«*4f 


U*3 *n<t \\\ 

•* M 

“*4 . 

101 *">\ 1C9 

T r**' 4 i 

n 21 


• Gsyei’i rrellyldadret 
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between the two types Washed suspensions of both gravis and 
mitis strains after 24 hours’ growth m hquid media are able to 
take up oxygen in the presence of glycogen, though the gravis 
strains are certainly more active on the average But under 
conditions where growth is taking place in the presence of peptone 
this mechanism would appear to be completely inhibited with the 
mihs type It has been shown that this inhibition is real, since 
mitis strains do not remove glycogen in fermentation tubes It 
has also been shown that conditions of aeration are important in 
determining fermentation It is probable that other factors play 
a part, and possible that in the presence of a nutrient medium 
contaunng the products of protein breakdown the metabolism of 
polysaccharide may be “ spared ” to a greater extent with mitis 
than with giavis strains. 

Summary. 

The oxygen uptake of washed suspensions of G diphthence 
grams (6 strains) and of mitis (7 strains) has been determined with 
glucose and glycogen as substrates The q0 2 for glucose was of 
the same order in both types — about 92 The average residual 
g0 2 for both types m the absence of added substrates was about 
7 5, with glycogen the average for grams strains was 27, for mitis 
strains 19 It 1ms been shown that the distinct difference between 
gravis and mitis strains as judged by their power to ferment glycogen 
in fermentation tubes does not hold for washed suspensions The 
possible significance of these results is discussed 

We wish to thank Pxofessor H It Dean for his interest and helpful 
advice and Dr D. T Robinson for kindly supplying most of the organisms 
used. 


REFERENCES 

Anderson, J. S, Hapfoed, 1931 this Journal, xxxiv. 6G7 
F C , McLeod, J W , axd 
Thomson, J G 

Cooper, K. E , Happold, 1935-36 Proc Roy Soc Med., xxix 1029. 
F C , McLeod, J. W , and 
Woodcock, H E de C 


Ddcon, M. 

• 

1934 

Manometnc methods, London 

Pirte, N. W. 


1936 

Brit J, Exp Path , xvu 269 

Pope, C G 


1932 

Ibid , xm 207 

SCHROEDER, R 


1930 

0 R Soc biol , civ 1347 

Wrioht, H. D 


1933 

this J oumal, xxxvn. 257. 


METABOLISM OF C HOFMANN II 


311 


for glucose as with milts strains of C diphtheria for plj copen (Knot 
and Passmore) There is no fermentation of tho rarbohvdmto 
by tho organism growing m Fennontntion tubes and vet wished 
suspensions of the bacteria have considerable) power to bred.. oom 
tho carbohydrate Tho fact that the ncpitivo result in the 
fermentation tubes is a tmo value and that actual breakdown of 


Tunr II 


Effect of addition of dead C diphtheric oil ar/j'n up'ot of 
trashed suspension* of C hofmnimu 


Fxrt 

no 

btupnwtoD aw! 

(Non i-«*- 
It j rlra r ) 

ci sc 


103 

0 hafmannn 

11 S 

37 , 

127 


4- washed nuKprnston nr 

23 b 

n 



M 4 heated at 70° C for 30 mini 




110 

C hafmannn 

*> < 

2o r » 

M# 


, *f unshed suspension of M 4 

Bo 

2 i » 



heated at OO" C for 10 mins 





C hofmannn+xhonhed tfuspcnsion of 

85 

20 5 



G 6 heated at G0° C for 30 mins 





liguros as m table I 


glucoso has not been masked by an excessive production of ammonia 
causing nlknbnitj is shown in lablo HI Determinations of tho 
total glucoso content of the medium by Pine's (1936) method 
show that after sevon days’ growth no nppreciablo amount n 

TxnLE X1T 

Destruction of glucose in fermentation tubes 
and C diplitlicm* 


itatcrUI examined 


Umnoculatcd medium 
C hofmanuu 

C diphthertfr 


binnoculMctt 

sugar has been dost nofmati 
observations of W* have 
dextrose. iuanno" ornn,r nn ’ 
fourteen days' .»«trato l»j 
CO of formio n< 

n f di]J ‘hmir. 





VJw o 


Table 

subs' 


ablet ion 
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As far as could be determined there was no difference m the properties 
of washed suspensions of bacteria grown m these various ways 

Results. 

Oxidation of carbohydrates by washed suspensions 

Table I gives the oxygen uptake for various carbohydrates 
The concentration of substrate in each case was 0 05 molar except 
for glycogen, with which it was 0-5 per cent. The high values for 
lactic acid show that there is no deficiency in the general oxidising 
systems. Despite the absence of any fermentation of carbohydrates, 
there is a considerable uptake of oxygen with glucose, galactose, 
maltose and glycogen, although the corresponding values for 
C diphtherias (except for glycogen) are much higher With lactose 
and sucrose the uptake does not exceed that m the control These 
results show that qualitatively the enzyme systems possessed by 
Q. hofmannii and G diphtherias are as far as have been investigated 
identical The only distinction is quantitative, in the relatively 
low values of gOg for glucose, galactose and maltose given by 
C hofmannii. 


Tabus I. 

Oxygen uptake of washed suspensions of corynebacteria 
m the presence of carbohydrates 



Figures — O z taken opine mm per hour per mg dry weight of suspension (g0 2 ) 


The question now arises whether the low oxidative utilisation 
of glucose is due to lack of a definite enzyme or to absence of a 
thermostable co -enzyme To test this point, suspensions of 
O. diphtherias, heated to 60° and 70° C. for 30 minutes, have been 
added to C. hofmannii in the Bareroffc vessels The results are shown 
m table II The extra oxygen uptake lias never been greater 

i r/ 0uld accoun ^®fi for by the oxidation of substrates in the 
e suspension and no evidence of a co -enzyme has been obtained, 
be seen that there is the same discrepancy with C hofmannii 


Gl>cogon 
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for gluooso as with mitia strains of 0 diphtheria: for glj cogcn (Knox 
and Passmore) There is no fomiontation of tho oarbohjdrate 
by the organism growing in fermentation tubes and yot washed 
suspensions of tho bacteria hare considerable power to break down 
the carbohydrate Tho fact that the negative result m the 
fermentation tubes is a true valuo nnd that actual breakdown of 


Table n 

Effect of addition of dead C diphtherias on oxygen uptake of 
washed suspensions of C liofraaniui 


Fxpt 

no 

Stupcn Ion used 

Control 
(No cariio* 
li>dnte ) 

Glucose 

Olata mate 

103 

C hofmannn 

11 8 

37 3 

121 


+ washed suspension of 

28 G 

53 



M 4 heated at 70 C for 30 nuns 




110 

C hofmannu 

5 7 

25 5 

80 


, +woslicd suspension of M 4 

heated at CO (, for 30 mins 

85 

25 5 



C hofmannv -finished suspension of 


2G5 


IjjiSg 

G 5 heated at 60 C for 30 mins 





I iguros afl m tnblo 1 


glucose lias not been mashed by an cvcessn o production of ammonia 
causing alkalinity is shown m table III Determinations of tho 
total glucose content of tlio medium by Pine’s ((1930) method 
show that after seven days’ growth no appreciable amount of 


Table III 

Destruction of glucose tn fermentation tubes by hofmannu 
and C dtphfhf*n*p 



rcrc"T\j»jr concentration of 

State rial examined 

cU oar after «eirn day* 

ncut/Ad in at 37 v 

Unmoculatcd medium 

0 53 

C hofmannn 

0 54 

0 57 

C diphtheria: 

0 33 

0 31 


Unmoculatcd control medium " 0 3 r * jw cent glucose 


sugar has been destrojed bj C hofmannu Tins confinns the 
obsonations of Wtdum (113G), who could find no utilisation of 
dextroso, mannose, fructose, gnlactoso, lactose or mnlto«o after 
fourteen dajs’ growth 

Oxidation of ammo ond« 

Tnblo'II shows the uptake of o\\gcn with a anon* amino anils 
ns subs' rates The fiml concentration in neh rise wn« 0 0 j 

/ 
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In the case of C hofmannn the gO s for glucose— n«pangmc is 
very little abovo the qO, for asparagine, but with C diphtheria 
there is marked addition of tlio two oxygen uptakes It has not 
been possible to confirm the observations of Fupta and Kodnma 
(1934) that asparagine accelerates tho respiration of gluco=e It 
will be seen, however that the presenco of annno acid has increased 
tho value for ?C 6 H 15 0 6 in tliree experiments This can be explained 
by tlio fact that the respiration in the presence of glucoso alono 
falls off and after two hours max bo 10-13 per cent below the 
initial rate With added asparagine tho respiration rate is level 
or may even be increased up to 10 per cent abovo the initial value 
presumably due to activo growth Thus the presenco of ammo 
acids stabilises and may even cause a shght increase of tho enzyme 
for glucose breakdown Apart from this, the metabolism of ammo 
acids and the metabolism of glucoso appear to bo completely 
independent 


Tantx V 


Effect of annno acute on tic metabolism of glucose 


Expt 

no 

Orpanl^m. 


Aspara 

pnr 

GIwo* 

Chvn: 

A. 

*h anul/- 


«o, «o, 

CO, 

s<>> 

S* •««<>.• 


* 1I„0 



100 

C hafmannxt 

7 S S'. 

sa 

27 5 

0 3 

90 

S-0 

^3 

99 

102 


92 S3 

S3 

2*5 A 

6 3 

87 

7 9 

«**> 

7 1 

103 

C t/ij^iWrffur M A 

2 9 

6t 

SO 

3*s % 



11V 

3** 5 

107 


0*1 1 

1 

100 

113 

5l 3 



18. 

Cl 0 


qOj as in table I 

• cC«II, t O« - e.tnm. or r!uw>-* (rtpww*! « * RV) j«r xas diy wilfiM o' 1 n 

pet tear 


A further pomt arises from table V The ratio gO.'gCJljjO, 
gives a valuo for the number of molecules of oxygen n«cd eorrespo id 
ing to the removnl of one molecule of glucose For C diphthmrr 
the values are I 1 and 2 2 (in agreement with Knox and Pas-mon) 
and for C hofmannn 4 4 and 4 3 With neither organism can tho 
whole of the glucose removed lie accounted for by oxidations, but 
the higher value for G hofmannn mav be duo to the fact that it can 
oxidise formate We have obtained a value of g0 3 = 42 for 
C hofmannn with formate and have shown that V diphtheria cannot 
oxidise tlus substrate Fujita and Kodama have shown that a 
large percentage of formic acid appears in the anaerobic breakdown 
of glucose by C diphtheria-, but no data are available a« to i,s 
aerobic production 
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molar (except for tyrosine, which was used in saturated solution; 

e seen that both qualitatively and quantitatively the 
^ I® 1 ? suni ^ a ’ r ^ or C hofmannii and G. diphtheria. There 
, T ajS + a , ?0 2 for glutamate and asparagme, and for tyrosine 

value r *^ > °^ ane ®S ure s are usually slightly above the control 

Table IV. 

Oxygen uptake of washed suspensions of corynebactena 


L\pt no 


92 
94 
100 
102 
104 

Fujita and 
Kod-^J 
"identical 

,™ (it>F value. 
109 ofn 

in J 


Organism 

Control 

Tyrosine 

Trypto- 

phane 

Alanine 

s 

f 

C. hofmannn 

G 2 

9 8 

8 6 

20 


99 

S 8 

15 

12 

26 


’* 

7 8 




89 

» 

92 


6 7 


95 

O diphtherias 

8-5 

<10 

16 

<10 

<10 

12 

82 

47 6 

» G 5 

4 5 

5 5 

3 5 

8 

70 

»» M 2 

li " — 

11 

13 

17 

16 

66 


Glutamtt 


i 


H 

no 

S3 


58 

33 


Figures as in table I 

JQ suits fit in with the observations of workers on the 
These re Gor y n ebacteria Thus, Braun, Hofmeier 


(1929) found that five non-exactmg strains of 
could use as sole source of nitrogen, aspartate, 
dutamate, but not any other amino acids Mueller 
a fastidious stram of G diphtherice, found that 


nutritional re < 
and Mundel ] 

C. diphtherias ) 

essential for optimum growth But 

several ammo acite ^ acid 10 ** nledlum were needed 

whereas 100 mg. of gin, ^ Was °^amed with less than 5 mg per 

for maximum growth, tX methl0mne and tiyptophane. 

o 

J. the metabolism of glucose. 

* p of protein breakdown products 
circumstances, completely 
growing corynobacteria, 


10 ml of medium for cysti 


,4-0 


Effect of amino acids o\ 

The possibility that the presence per mg 


in the medium may, under certaiik , 7 _ , ,, 

inlubit the carbohydrate metabolism o'? 1 ® ™ ar e G eo 0I \ e 
suggested that amino acids might have suspensions n a 

metabolism of glucose by washed bacteriaP°i n h,' re a 0 °S G ier 
series of experiments glucose and amino acid v^miniPlP l0n a ” 
to the Barcroft vessel and both the oxygen consfl resiling : * ’ ’ * 

glucose utilised were determined The sugar reinafir o ^ ^ ^ ^ 
experiment was estimated by the method of Hagcdornstra • 

(1923), after precipitation of the protems by the addition 
of 20 per cent pliosphotungstic acid in 5 per cent, sulp / *. ® ■ 

to each Barcroft vessel (table V) ' i 
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Summary. 

These results show the essential similarity of the metabolism 
of C diphthcucc and that of C Jiofmannh Of the enzyme systems 
‘studied, not one possessed by C diphtheria: is not also present in 
G. hofmannu In C hofmannn there is no lack of general respiratory 
cnzj 11103 but the enzymes foi carbohydrate breakdown are present 
in only 23-40 per cent of the quantities in which they occur in 
C diphtha icc and in addition their activity appears to be completely 
suppressed m organisms duiing growth on nutrient media. 
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and a surface covermg of liquid paraffin. This method is probably 
the one most commonly used for the production of powerful toxins 
If, however, it is desired to follow the quantitative changes occurring 
in the composition of the cultures during the growth of the bacteria, 
as we have endeavoured to do in these experiments, a medium 
containing pieces of meat is not particularly suitable m view of 
its lack of homogeneity For this reason we have, as m previous 
experiments of this land, preferred the use of ordinary veal broth 
containing 1 per cent Riedel peptone and 0 5 per cent sodium 
chloride Before autoclaving the reaction was adjusted to pH 8-0 , 
afterwards it was found to range generally between pH 7*3 and 7-9 
The sterile medium was kept in the ice box in one-htre flasks. 
Immediately before use 20-30 g sterile calcium carbonate per 
litre were added and the requisite amount of glucose from a stenle 
50 per cent solution The broth was then carefully boiled and its 
surface covered with a thick layer of stenle liquid paraffin 

The coli-fermented broth utilised in a number of experiments 
was prepared by inoculation of the peptone broth with B coli anc 
incubation for 20 hours at 37° C. After heating for a short time 
m the boiling water-bath, it was filtered through paper, the reaction 
was adjusted to pH 8*0, and stenhsation by autoclaving followed 

The cultures of B histolyticus were prepared by mixing 1 c.c 
of a 24 hours’ culture m meat medium with 1 1 of medium and 
incubating at 37° G. with continual stimng, as desonbed by us 
m a previous paper (1933) 

Table I and fig 1 show the result of one experiment with 
B histolyticus upon a medium containing 1 per cent. Riedel peptone 
to which no glucose has been added. 

Table I. 


Toxin and enzyme production by B histolyticus ( strain 6) 
m peptone broth without glucose. 


Days 


Toxin (M L D 
In 1 c o ) 

Toxin 

(L + In 1 c c ) 

Increase of formol- 
titratable amlno-JT 
(mg per 100 c c ) 

Gelatin liquefying 
enzyme 
(units per o c ) 

0 

7 70 

0 

0 0 

00 

0 

1 

7 70 

,0 

0 0 

0 0 

0 

2 

7 40 

5 

0 0 

14 0 

33 

3 

7 35 

50 

14 3 

107 3 

4000 

4 

7 45 

5 

0 0 

135 3 

3300 

5 

7 50 

0 

0 0 

149 3 

2440 

C 

7 50 

0 

0 0 

154 0 

2220 


Medium, 1 per cent Riedel peptone broth 


It will bo seen from this experiment that under the conditions 
described no measurable modifications occur in the composition 
of tho medium until the second day, when the pH slowly begins 
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to decluio and a commencement of enzymatic aotmty and toxin 
production (the lattor measured by intravenous injections in mice) 
reveals itself In the oourso of the third day tlio quantity of those 
substances is greatly augmented, as the toxin and tlio gelatin- 
liquefying enzymes reach their highest concentration about 72 hours 
after inooulation The concentration diminishes with continued 
incubation Means lido the albuinoso digesting action, characterised 
by the quantity of formol-titratablo aunno-N, steadily increases 

In this as in all other experiments wo have measured both the 
direct and the indirect to-no value (L + us-d-ms 0 005 units of 
antitoxin), and a glance at fig 1 will show that the break-up of 
the toxic and antitoxin-binding substancos follows a strictly parallol 
oourso Wo havo carried out similar experiments with other 
strains of B histolyticus and Iiavo found that tlio course taken by 
the various processes was identical with that described aboso, 
oven though tlio variation m toxin production has naturally been 
pronounced 

These results are at variance with the findings of other authors 

JO CBS Or F13H —VOL ILV1. X 
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in so far as tlie time when toxin production sets in is concerned 
In our experiments tins process commences much, later and reaches 
its maximum after three days, while other workers show that toxm 
production reaches its maximum after 15-24 hours’ incubation. 
In general the speed of toxm production depends to a very great 
extent upon the size of the moculum and on the composition of 
the medium, as well as on the presence of meat at the bottom of 
the culture jar In particular the pieces of meat appear to stimulate 
considerably both growth and toxm production, presumably owing 
to the fact that large and continually increasing quantities of split 
protem substances are placed at the disposal of the bacteria by the 
action of strongly pioteolytic enzymes at an early stage of develop- 
ment of the cultures. 

As previously mentioned, attempts have been made to further 
toxm pioduction by adding glucose to the medium and in this way 
good results were obtained We have likewise carried out a 
number of experiments with varying glucose concentrations as 
well as with coh-fermented broth The results of this series are 
illustrated m tables II-IV. 


Table n. 


Toxin and enzyme production by B histolyticus ( strain 5) grown m 
peptone broth containing 0-25 per cent, glucose 


Days 


Toxin (M L D 
In 1 c c ) 

Toxin 

(L^. in 1 c c ) 

Increase of formol- 
tltmtablo nmino-X 
(mg per 100 c c ) 

Gclntin-llquefylng 
enzyme 
(units per c c ) 


7 65 

0 0 

0 


mm i m 


7 65 

0 0 

0 


0 


7 40 

33 0 

10 

32 7 



7 45 

14 3 

0 




7 65 

2 0 


130 7 


C 

7 75 

0 0 


140 0 

•'T-B 


Medium as in table I. 


Table EH. 


Toxin and enzyme production by B histolyticus ( strain 5) in 
peptone broth containing 1 per cent glucose 


f 

Days 

PH 

Toxin (Mil) 

In 1 cc) 

Toxin 

(L^. in 1 c c ) 

Increase or formol- 
tltra table nmlno-X 
(mg per 100 c c ) 

Gelatin llqnciyins 

enzvmc 
(units per c c ) 

0 

7 45 

00 

00 

0 0 

0 

1 

7 00 

2 0 

0 0 

14 0 

28 


6 15 

14 T 

3 3 


280 

3 

6 15 

5 0 

0 0 

116 7 

2000 

4 

C 10 

2 0 

0 0 

121 3 

1420 

5 

6 10 


0 0 

130 G 

1330 

t 

i 

G 55 

2 0 

' 

00 

144 7 

1250 


Medium ns in table I. 
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Table IV 


Toxin and enzyme production by B histolytieus {strain 6) in 
peptone broth free from sugar (coll fermented) 


Days 

PU 

Toxin (ILL D 
mice) 

Toxin 

(L + In 1 c c ) 

Increase of formol 
tltratablo amino-N 
(mg per 100 cc) 

Gelatin liquefying 
enzyme 
(nnits per c c ) 

IS 

PI 

0 0 

00 

00 

0 

■■ 


0 0 

00 

93 

4 

o 

■El 

14 3 

5 0 

28 3 

28 

3 

7 60 

50 0 

14 3 

126 0 

2030 

4 

7 05 

2 0 

00 

149 0 

2630 

5 

7 75 

0 0 

00 

159 0 


6 

7 90 

00 

00 

169 0 

2000 


Medium contained 1 por cent Riedel peptone 


In all these experiments growth was satisfactory Toxin production 
was greatest and the same in the coli -fermentod broth (table IV) 
and in broth without glucose (table I) It was less in the medium 
containing 0 2D per cent glucose (table II), and Btill less in the 
experiment with 1 per cent glucose (table 1H) Diminishing 
toxin production with increasing glucose concentration as observed 
by us is not in accord with the findings of other authors 

In other experiments wo have exammod the importance of tho 
peptone concentration for toxin production (tables V and VI) , 
no glucose was added to the broth in these instances 

Table V 


Toxin and enzyme production by B lustolyticus ( strain 6) in 
2 per cent Riedel peptone broth 


Days 


Toxin (XLL D 
In 1 e c ) 

Toxin 

<L + mice) 

Increase of fonnot 
tltr* table nmlno-> 
(mg per 100 cc) 

Gelatin liquefying 
enzyme 
(units per c.c ) 


mm 

0 

mm 

■M 

0 

llll HI 

■ri 

20 



0 

HH 


100 



2000 

H 

■rfl 

20 

W'S 

KbI' 

2000 

H 

7 65 

2 

as 

an 

012 


7 76 

0 

IBS 

mam 

285 


Table VI 


Toxin and enzyme production by B lustolyticus (strum 5) m 
4 per cent Riedel peptone broth 


Days 

pH 

Toxin (31 L.D 
inlce) 

Toxin 

<L + In 1 c.e ) 

Increase of formol 
tltratablo amino* N 
(mg ivr 100 e c.) 

Gelatin liqu lying 
enzym** 

(nnits per cx ) 

0 

mm 

0 

'IBM 

■H 

0 

1 

Bfta 

200 



3200 

2 

ita 

50 



3000 

3 

■tta 

14 

■tlw 

163 3 

2000 

4 

7 45 

14 


171 1 

1000 

6 

7 50 

11 

Warn 

175 0 

910 
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'rj'« ■ t % ;/-:un' n's nteal an increasing toxin pioduetion with 
•u-,! > <n«- ]i ptone <f»n»*cnt ration and they demons rate at the 
'!!'■ * 4,'.* n, *t tie* lug**! the quantity t»r peptone piesent the 
» .••h* *- s the . ]>p name of to\m pioduetion (and po=-ibly also of 
'r > >.‘h* Tl.s )-% t ntirely in .loroul with our observation of colly 
*ovm tom m media «ontaiiung pieces of meat. 

In * dd** VII mo recorded t he icstiUx of an experiment of this 
5,1 '•’* >nl*nr» * ni hioth (ont.umng pieces of meat hut no gluro-e 
! m\» th*m the fot emerge that toxin pioduetion not onlv wh 
s.t < e;_, « -►h* hut tli-s t jt also assume-* much laigei proportion* 
”» m ^ r ( \}m uments v.heie tins mtrogen source is lacking. 


■L MJtil til. 


f% I' 

* tf 


r. i' pr-- } ur>i>m hi/ 15 hi* tolj t it us (fitnni, f>) grown in 
tir.t IUkUI ]>()>‘r,:,r broth containing tn*at. 




ft 

» t -i i wi n 

i«t'n , 




l ! < *-( 

l. . _ . 

(lj III o) 

ft 

i 


. •< 

i 

0 

\t 


• ", 

r»M 

27 • 

r 


1 1 * 


100 

**• 

u 

’ S7 

?*>(> 

too 

t: 

l 

t, . 

1 77e 

too 

2 * 

* 

? “ » 

2("» «r. 

; s 


- * 

1 10 

50 

> *. 

ft 

r 70 

M 

7 

— * 


— 

s« 




In'-rrs'* off»*tno! 
tKr«* iM" hi ilt>'>- x 
(ii*!- i» r 10*) r r > 


0 0 
n r. 
ts 2 
121 7 
MOO 
lr.s o 
jur* n 
722 0 


I Orhtlll l'*n 


« n*wi *- 
(i u!'*- err* -1 


0 

1 00 
If too 
2 '.00 
2700 
»0Ou 
1 «<>o 
2s 7 


1 j>. U\ *, i* have « vimuv'd toxin production in broth containing 
V. it;» p.ptniii' .uni “dtfirn’* prot< o e peptone without the addition 
if pin. .. m both media was s itisf.u torv and so was toxin 

V 4n*t;ni **, j«h “diPo ' prot* >> i peptone, while toxin production 
1 % rd'e-},. m hruth with Witte peptone. 


* •> *, 


?.,* ff , l i h'*/ f>{ *h h ‘j-’r nt riffirnit liytrn'itn-iov 

I »> I 

1 - *' ** u.v» *ig *i«u »ij th«* toxin of the org on m* of g 15 
> e ? .m* »*\ Mtifd tls" imp et vie < of the hydrogen**^'! 
*» Su' *1» • .if t|sr of ft I a* ' *1 

’ ** ***. ,! - \ * i.'i «>f tfo. . H. im*. > <h.« ting I'liijm' 1 *Ii“ 
* ‘ ' ’ ‘ do ei\ t<> i full.* d < ?il r I (Wnihmn -vt 

Ii o **i! .»,*>» <tn 1 ** ith • ?r on r » .*'«• illu tr '** f 

\ .ft * * 1 ! a * t Hi t * _! i (,* *1 * I'idimr * m ■ < 1 

» . .* '*• H * . ',*.*.<• 'vi, 

' ’ 2 * * ' \* ‘tt*s »ti '** * .rn* l o'. t * »*** 

\ ' ! *‘ * j i-d *''r« *it* - 

‘ t« * ,.f /x f — » ' »,**< .!■' 

* f * '' ' ' f.' *7 * ! o .VoHerlK^H f*'” 1 



Table VTII 


The stability of toxin at different hydrogen ton concentrations 
Strain 6 24 hours at 37® C 


Toxin 

(cc) 

A HCl 
(cc) 

N AaOH 
(cc) 

0-9 per cent 
Natl (c.c ) 

ph 

SILD In 

1 cc 

I» + d03& In 
lcc 

10 

0 58 


0 42 

4 16 

5 

4 

10 

0 48 


0 52 

4 90 

100 

50 

10 

0 32 


0 68 

6 10 

200 

80 

10 

0 14 


0 86 

6 98 

167 

50 

10 


0 13 

0 87 

8 04 

143 

33 

10 


0 43 

0 57 

8 92 

100 

28 


Table IX 

Effect of reaction on activity of albumose digesting enzyme 
(tested after 1 1 days at 37° C ) Strain 5 
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the albumose-digestmg enzyme its maximum activity at about 
pH 7*0. 

Summary. 

1. Under the experimental conditions described. Bacillus 1 hsto- 
lyhcus grows luxuriantly in ordinary broth containing 1 per cent 
peptone irrespective of the presence of glucose 

2 Toxui pioduetion appears to be greatest in broth without 
addition of glucose or m cob-fermented broth. 

3 The peptone content of the medium has a considerable effect 
on toxin production, as this increases ■with increasing peptone 
concentration The gicatest toxin production occurs in peptone 
bioth containing pieces of meat This method gives a substantial 
and steadily increasing production of precisely those protem split 
products wluch are of such importance for the growth of the bacteria 
and for toxm production 

4 Hislolyhcus toxm has its maximal point of stability in the 
neighbourhood of pH G 0 

3 The optimum reaction for the albumose-digestmg enzyme 
lies mound pH 7*0. 
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THE CHEMOTHERAPEUTIC ACTION OE SYN- 
THALIN IN EXPERIMENTAL INFECTIONS 
WITH T BRUCEI AND T CONGOLENSE * 

Paul Browning 

From the Department of Bacteriology and Pathology of the Unucreity 
and Western Infirmary , Glasgow 

The therapeutic property of the guanidine derivative, synthalin, in try 
panosome infeotions was described by N and H von Jnncsd (1035) for 
T brucei in mice and mdependently by Schom and Artngav oydm AHcndo 
(193G) for T eqinnum in rats The former were led to investigate this 
substance by certain theoretical considerations From enquiry into tlio 
mode of action of germamn (Bayer 205), in which there is a long mten al 
beforo the lethal effect on the trypanosomes follows tlio injection of tlio 
drug, they concluded that this trypanocidal ngont acts on the parasites 
by affecting then* sugar motobohsm (N and H v on Jancsd, 1034 a and b, 
1934 35) Schom (1925) had shown that tho vitality of trypanosomes, ns 
manifested by thou* motility, depended vory greatly on tho glucose content 
of tho medium in which they wero suspended Also, it had been found by 
von Issokutz (1933) that when infected animals wore treated with germamn 
and their blood withdrawn a few hours later, tho contamod trypanosomes 
showed diminished glycolysis t» vitro Tho von Jancs6s (1934 35) observed 
that trypanosomes which had boon subjected to deprivation of glucoso in vitro, 
like those which had been noted on by germamn, on introduction subsequently 
into the body wore rapidly phagocytoscd by colls of tlio rcticulo endothelial 
system m tho liver, spleen and bono marrow, whereas such phagocytosis 
did not occur with untreatod virulent trypanosomes They ascertained 
further that in infected animals treated with germamn certain degenerate o 
changes occurred in tho morphology of tho parasites, characterised especially 
by signs of interference with tho processes of division Tlieso appearances 
wero seen readily only with animals in which the phagocytic mechanism 
of tho reticulo-ondothclial system had been interfered with recently by tlio 
combined procedures of splenectomy and intravenous injection of a 
preparation of colloidal copper — so called roticulo-ondotheha! blockade 
In intact infected animals treated with tho drug snob degenerative changes 
wero not scon becauso tho trypanosomes at an early stage of degeneration 
underwent phagocytosis Accordingly they tested tlio chemotherapeutic 
action of certain guanidine derivatives which are known to produce hypo 
glycicmia Among these synthalin (dcoomothyleno diguanidino hydro 
chloride) and synthalin B (tho corresponding dodecamethy lone compound) 
aro tho most effective and have been suggested as substitutes for insulin, 
although thozr action is stated to dopend on a different mechanism, being 
associated with tovio effects on tho liver (Bodo and Marks, 1928 , and others) 

* Tho expenses of this work were defrayed by a grant from tho Ranking Fund 
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After treatment with svnthnlm the same phenomena of phagocytosis and 
degeneration ware observed as after germanm Therefore it was concluded 
that the-e guanidine derivatives also act by affecting the sugar metabolism 
of the parasites In di-cussmg the means by which this might bo brought 
about, the ion Janc-.o s inclined to the view that synthalin probably does 
not net directly on the trypanosomes, but leads to trypanocidal effects 
liiduoetlv throueh pioducing a chronic hypoglyccemia in the host and thus 
causing a “ «ugar blockade ” of the metabolism of the trypanosomes In 
the e\ent of this bemg the m< charnsm of action, they considered that, m 
contrast to y\ hut holds with other trypanocidal agents, resistance to the 
action of svnthnlin might not follow repeated administration It is speciallj 
noteworthy that these guanidine compounds are the only purely organic 
trypanocidal drugs which do not possess a complex ring structure In 
view of the great theoietical importance of the observations and conclusions, 
further examination of the subject seemed desirable Since tho present 
work was concluded, observations of Lourie and Yorko (1937) have been 
published, confirming tho chemotherapeutic action of synthalin in trypano- 
'•orne-mfected animals and also showing that tn 'uitro it exhibits a trypanocidal 
aetiMty comparable with that of the aromatic tnvalent arsemcals both on 
normal ‘-trams and on strains which had been rendered resistant to atoxj'l 
or germnnm 

Methods 

It is unnecessary to describe the procedures in detail since they arc 
tlio-e which have been employed throughout m this laboratory (Browning 
nnd Gulbransen, 1934) The trypanosomes used were T. briicet (strain 
Pam III) and n strain, derived by tho writer fiom tho latter, which had 
been rendered fnst to arsncetin by treatment with that drug but was not 
a relapse *-10110 Aho tyyo strains of T congolense wero used — ono being 
that previous]}, mentioned (Broyvmng, Cnppell and Gulbransen, 1934), tho 
second a strain yvhicli when onco it appenrs m the blood of moculatcd animals 
always per'ists nltliougb perhaps with some variations m numbers, till 
the death of the animal one to soyernl yveoks later All tho strains yvero 
propatmlod continuously in mice 

Treat mi nt yvas giycn in the form of subcutaneous injections of aqueous 
solutions of the substances, the dosage being nt tho rate of I c c of the 
dilut ion “lioyrn for a mouse yveiglung 20 grammes , the animals ranged 
m yy light from IS to 21 grammes The guanidine derivative used yins 
pyntlinlm It y\ns found that usually a smglo do=e of 1 : 10,000 yvas tolerated 
but this amount could not be repeated safely , often subsequent doses of 
1 . 13,000 or I : I.“ 000 yyere tolerated yvhon repeated on 4-9 consecutive dajs 

fa n death or sevt re illness from larger doses resulted, convulsions seldom 
occurred beforehand In some control experiments gunmdino carbonate 
yy«\- tts/d, the maximum tob rated doso being 1 . 200, winch could bo repented, 
v-Jul ' a smelt do-e of 1 * 100 often produced convulsions nnd death The 
sugar yvas estimated bj tho Hngedom-Jeneen method, tlio animal 5 
h tying 1>- ■ n quickly an e-.thotisf'd yvith chloroform and tho blood taken from 
beating l»ft yentncle Duplicate estimations wore always made and 
ehi e corn -pondencf' obt aim'd, 0 1 c c of blood bemg u=ed for each 


Trypanoctdal action of synthalin in vit'O. 

I- hruevi injection. Infections with this strain yiere curable 
h> 'tyryl-31 j i n lV single dose of I : 10,000 and in a proportion 
v ‘d’> 1 : 20,000, or by arvacetin 1 : 100, given in each 
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case 24 hours after inoculation, whon scanty parasites wore present 
an the blood , it may thus be regarded as having a fairly normal 
sensitiveness to drugs Hie arsaootin-resistant strain, which under 
similar conditions as regards treatment was not affected by a 
dose of 1 40 to 1 60 of arsacetm, was approximately as readily 
influenced by synthalin as was the non-resistant strain Tho 
von Jancsds, however, obtained the best therapeutic results with 
a strain of tho former type 

Tho results, which are exemplified m table I, confirmed tho 
curative action of synthahn With the arsaoetm-resistant strain 
as well as tho normal, the sterilising action occurred slowly and 
it was observed that a preliminary multiplication of parasites took 
place in the blood whether the first dose of the drug was given 
five hours before or after inoculation 


Taulb I 

Effect of synthahn on infection with T brucei 


Strain 



Dnyj 





i 

2 

S. 

m 

n 

n 

0 

Normal 

S 1 15,000 followed 
by inoculation 4 
hrs lator 

S I 15 000 
+ 

SI 10,000 

- 

- 

- 


Arsacetm 

fast 

S 1 15 000 followed 
by inoculation 5 
hrs later 

SI 15,000 
+ 

SI 15,000 
+ 

SI 15 000 


u. 


Arsaeotm 

fast 

Inoculation followed 
about 5 hrs later 
by S 1 15 000 

SI 16,000 
+ 

SI 15,000 






In this nnd tho following tables S *= syntlmlin, +, -f+, +4* + ™ tiypano 
comes present in tho blood in increasing numbers on tho days indicated — « trj 
panosomes absent os judged by microscopic examination 


No effect on tho course of tho infection was produced by 
guanidine carbonate when given alone in a dose of 1 200 fivo 
hours lioforo inooulation with tho normal strain and repeated on 
tho three following days, or togothcr with a dose of arsacotin 
1 200 48 hours after inoculation 

T congolonse infection A distinct therapeutic effect was 
obsened with both strains This fact .is all tho more striking in 
view of tho insusceptibility of these trypanosomes toward most 
chemothorapoutio agents offectivo against T brucei Illustrate o 
details aro givon in table II of a mouso inoculated with strain II, 
which doos not disappear spontaneously from tho blood after 
having onco appeared After tho parasites hod reappeared on tho 
13th day tho samo dose of synthalin (1 13,000) a ns repented 
on tho 14tli, 15tli, I7th, 18th, 20tli nnd 21st dnjs, hut without 
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causing the parasites to disappear from the blood again , also after 
ceasing treatment they remained abundant In other animals the 
parasites after disappearing in response to treatment with the 

table n 

Effect ' of synthalm on infection with T congolense. 


Dnjs 

1 

2- r > 

0 

7 

8 

0 

10-12 

13 

Inoculated 

— 

+ 

+ + + 

S 1 15,000 

+ + + 

S 1 15,000 

+ + + 

S 1 15,000 

H 

+ 


drug reappeared in spite of continued injections throughout the 
negative phase An example is given in table III. 

Table III. 


Effect of synthalm on infection with T congolense 


Dajs 

1 

4 

5 

6 

7 

8 

9-14 

IB 

16 

Inoculated 

+ 

+ + + 

SI 13,000 

+ + + 

SI 13,000 

+ + 

S 1 13,000 

— 

SI 13,000 
each day 

+ 

SI 13,000 

+ + + 


Similar observations were made with the less virulent strain I, 
a relapse developing for example on the day following the last 
of nine consecutive daily doses of synthalm 1 . 13,000 and after 
the blood had been free from trypanosomes for seven consecutive 
days These results indicate clearly that, contrary to the von 
Jancsos 5 expectation, resistance of the infection to synthalm 
becomes established, although it remains undecided as to whether 
tlus occurs owing to alterations in the parasites or the host Schem 
and Artagaveytia-Allende, however, state that trypanosomes may 
become synthahn-fast. 

Guanidine carbonate m a dose of 1 200 given on each of three 
consecutive days had no effect on the estabhshed infection with 
strain II 


The blood sugar of mice in relation to the 
trypanocidal action of synthalm 

The von Jancsos have suggested that possibly a shght hut 
persistent hypoglycemia produced in the animals by synthalm 
maj cause disturbances in the metabolism of the parasites which 
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Tabus V. 


Effect of guanidine on blood sugar tn mice. 


Xo of doses* 

Intervals In hours between 
doses and examination 
of blood 

Blood sugar 
per cent 

1 (1 200) 

4 

0 09 

3 (1 200x3) 

51, 28, 4 

0 09 

4(1 200x4) 

79, 56, 28, 4 

0 14 

3 (1 200x2, 1 100) 

27*, 4*. 1 f 

0 1 

4(1 200x3, 1 50) 

724, 49*. 20, 1 1 

0 08 

4(1 200 > 3 , 1 50) 

724, 49*, 20, 1 f 

0 06 


* The amounts of the doses are given In brackets 
t Convulsions followed the last dose 


clear evidence that the hypoglycsemia produced by synthalm is m 
itself responsible for its chemotherapeutic action m trypanosomiasis 

Summary 

1 The observation that an ahphatic compound, decamethylene 
diguanidine hydrochloride (synthalm), has chemotherapeutic action 
m mice infected with T. brucei has been confirmed The therapeutic 
result was as marked with an arsacetin-resistant strain as with 
the same stram before being rendered resistant to the drug. 

2. Infections due to two different strains of T congolense in mice 
were also influenced by the administration of synthalm. When 
repeated doses of the drug were given at daily intervals, however, 
relapses occurred eventually m the course of the treatment 
Relapses were also found to resist further treatment with the drug 

3. Slight hypoglycsemia occurs in untreated mice chronically 
infected with T. congolense but the infection persists m spite of this 
The degree of hypoglycsemia is similar to that in uninfected mice 
treated respectively with synthalm and with guanidine, but only 
the former of these drugs has chemotherapeutic action The above 
facts do not support the view that the chemotherapeutic action 
of synthalm is due exclusively or chiefly to its effect on the blood 
sugar of the host. This conclusion is in conformity with Lourie and 
Yorlce’s observation that synthalm is highly trypanocidal tn vitro. 

Thanks are duo to Mr H E Hornby, Tanganyika Territory, for the 
second strain of T congolense used in these experiments, and to Messrs 
Scheruig-Kahlbaum for placing a supply of synthalm at our disposal 
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THE ESTIMATION OF THE FRAGILITY OF 
RED BLOOD CORPUSCLES 

E tf Creed 

Prom the Pathological Department, King's College Hospital, London 

Investigations were started by tho writer some years ago to 
ascertain whether the adoption of moro neourate methods of 
cstunating the resistance of red blood corpuscles to hypotonic 
solutions of sodium chlondo (1 c of detornumng tho fragility of 
tho red cells) would yield results of interest, and it Mas hoped that 
the form of a fragility cuno constructed from tho data obtained 
might show distinctive differences in various blood diseases and 
possiblj in other conditions For tho most part theso hopes liny 0 
not been renlised, and tho onlj departures from tho normal which 
have been found liaro been (1) a diminished resistance in acholuric 
jaundice and somo other lueniolytio amentias, (2) on increased 
resistance and tendency to lengthening of tho enrro m other types 
of amentia and jaundice and (3) a slight difference m shapo of tho 
cun o in pernicious amemin The innui purpose of tho m\ cstigat ion 
hns therefore yielded largolj negative results, but tho method 
ovohed lias been communicated to a number of workers anil has 
been omplojcd bj them ns well as tho writor Some of the results 
obtained in ncholurio jaundico liato already licon published (East, 
1923-24 , Dayvson, 1931 , Vauglian, 1934, 1930) It has therefore 
been thought desirable to publish tho method in dotail, with a 
statoniont of tho principles on which it is based and the findings 
in normal pcoplo Tho wnter’s results in ncltolune jaundico and 
other lueniolytio amonuos wall form tho subject of a later publication 

a ret hod 

Pure sodium chlondo is dned to constant wight by healing nnd allowing 
to cool in a desiccator Fitly R or the dried salt arc then accurately w. iglm-l 
out nnd dissoHod in 200 cc or diddled wntir in a measuring (lash IV 
stock or 21 per cent solution or XaCl so obtain'd will hiRico f ( r 200 or room 
fragility dot< rminntions anil form* a stable and stmts standard from which 
tho required dilutions aro easily pn]inrc«l It w rs-cntial however, that 
It bo occurolcly mndo up and the same cam must te> Ix-imred on t|o 
subsequent preparation of dilutions fmm it *meo tin slight errors in lh» 
strength or sodium chlondo ora sudlcii nt to n(T vt I Is ramlla Tli» Mr. mb 
or the stock solution may well b" checked gmvimetnrnllv by J rwpi'ntmn 
an 
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■with excess of silver nitrate It is of course unsatisfactory to keep weak 
stock solutions of NaCI owing to the risk of bacterial contamination 

For use, 1 c c. of the stock 25 per cent solution is diluted to 50 c c. 
with distilled water in a measuring flask The distilled water must be reliable, 
as the slight acidity of some commercial specimens seriously affects the 
results From the resulting 0 5 per cent solution, the required dilutions 
are made up by the drop method, using Dreyer’s dropping pipettes 24, 
25, 26 and so on up to 48 drops of 0 5 per cent NaCI aie measured out 
successively mto a series of 25 Wassermann tubes (3£ X f ins ) The requisite 
amount of distilled water, 26, 25, 24, 23 . 2 drops, is added to each tube 

to make up the total volume to 50 drops The contents of each are mixed 
by inverting the tubes in order on the finger The tubes now contain 50 drops 
each of saline of concentration ranging from 0 24 per cent in the first tube 
to 0 48 per cent in the last, with a difference of 0 01 per cent between 
successive tubes This range will be found to cover most fragility curves, 
except m cases of acholuric jaundice, when higher concentrations may 
convemently be prepared from a 1 per cent instead of a 0 6 per cent NaCl 
solution. In such cases the series should be prepared by taking 42 tubes 
(or as many as previous experience of the case shows to be necessary), and 
measuring into them 1, 2, 3 up to 42 drops of 1 per cent saline , each 
tube is made up to 50 drops with distilled water, giving a series ranging from 
0 02 to 0 84 per cent , the tubes differing by 0 02 per cent Into each of a 
further 4 Wassermann tubes are measured 50 drops of distilled water The 
tubes should be used within 24 hours of being put up, otherwise loss by 
evaporation will mtroduce appreciable errors 

Blood is collected from the patient's vein with a dry sterile needle and 
is allowed to run directly mto a wide test-tube ins m diameter which 
has been previously waxed to prevent clotting. Three to five c c of blood 
should be taken, and if more than this has been allowed to flow mto the 
tube the excess should be poured off, as a larger volume will interfere with 
efficient aeration A current of air is then blown vigorously over the 
surface of the blood m the tube by a hand-bellows with a glass delivery tube 
drawn out to a wide capillary which will reach to the bottom of the test-tube 
and which is also waxed The test-tube should be held almost horizontally 
and should be continually rotated during aeration so as to expose as much 
blood as possible to the current of air The aeration should be continued 
for four minutes 

Two drops of the aerated blood are added with the dropping pipette to 
each tube of saline and to each of the 4 tubes of distilled water The contents 
of each tube are at once mixed by inverting the tube and the mixing is 
ropeated ten minutes later After a further ten minutes the tubes are 
centrifuged and the supernatant fluid is pipetted off mto a fresh series of 
tubes (supernatant series) 

After washing the corpuscle deposit m the original tubes with normal 
saline, distilled water is added to make up the ongmal volume The 
corpuscle deposit is now lysed by shaking with the distilled water (deposit 
series). 

A series of standard tubes is now prepared Twenty-one tubes of 
uniform boro (31 X $ ms ) are selected with a gauge The contents of the 
4 tubes which contained distilled water only are mixed in a test-tube, and 
of this mixture one drop is placed m the first of the series of tubes, two in 
the second, and so on up to the twentieth tube The contents of each of 
the 20 tubes are made up to a total volume of 20 drops by the addition of 
the requisite amount of distilled water and are then mixed by shaking 
('-tandard =eries) Into the twenty-first tube, which has remained empty. 



FRAGILITY OF RED CELLS 


333 


aro pipetted the contents of tubes winch it is desired to compare with the 
standards The colour of tlio tubes of tile supernatant senes is matched 
against tlio standard senes, and tlio percentage of lucmolysis which hns 
occurred in the snrjmg strengths of XaCl is so obtained, cy a tuba which 
matches standard tubo 7 has 35 per cent of its corpuscles ln<molysod In 
tlio samo way tho colour of tlio tubes in tlio deposit Rones is matched agem-,1 
tlio standard series and tho percentage of corpuscles which remain im 
lrcmoljsed in each strength of No Cl estimatod 

To estimato with grentcr aceumoy the percentogo of liumolysis where 
this is less than 30, the first 10 standnrd tubes are now mndo up to n total 
s olumo of 30 drops bj tho addition of 30 drops of distilled water • A senes 
is so obtained whore colour represents 2, 4, 0, 8 up to 20 per cent lurmolysis 
To match tubes of supernatant or deposit series against theso weaker standards 
it is advisable to com ert tlio lucraoglobin into carboxj htcmoglobm b\ exposure 
to a current of coal gas and to do tlio actual matching b} looking at a whito 
surface through tho depth of tho tubes 

Tho results obtained from supernatant and deposit series should be 
closcll concordant, but tbo supcmntnnt senes will clear!} gno tho morn 
accurate measure where hvutolyns is "light, the deposit series where hffiinol} sis 
is nearly complete Tlio percentage of tho total corpuscles Iremolvsed nt 
cncli strength of sodium clilondo rag) bo com emontly plotted ns a graph 
For most purposes tho nboio xnothod mnv bo simplifier] as follows 
(a) Tho onginal series of NnCl tubes mfij consist of 12 tubes contnming 
14, 15, 1G up to 26 drops of 0 5 per cent NhCl solution made up to n total 
volumo of 25 drops with distilled water, enoli tubo will chfllr from its 
neighbour by 0 02 instead of 0 01 per cent 

(5) The preparation and matching of tho deposit senes ina} bo omitted, 
and the supernatant fluids only matched against tho standnrd Renos 

(c) Tho matching of tubes allowing less than 10 per cent of Irnnolysn 
and therefore tho preparation of the weaker standard senes inn} be omitted 
Theso simplifications greeds reduce tho time required to perform tho 
tost and tho results obtained usual!} gno all tbo mfonnation required for 
clinical purposes 

Discussion of method 

TJto following points in connection with tho method call for 
comment 

1 Use of untreated v hole blood Some preliminary investigations 
allowed that tho suscoptibihty of red colls to hypotonic saline mny 
bo affected by tho previous treatment of tlio blood Hirmolyn*. 
can bo produced by purely mechniucnl means and by hvpertonle 
XaCl solution If tlio snlmo bo sufliciontly hvportonic, rp 
1 1 per cent , it w ill canso immcdmto luvmolvMS or nddcrl blood, 
but with less concentrated solutions, though there is no immediate 
htcmolysts, tho red colls are damaged m such a was that they 
become more susceptible to hypotonic siline If tho red eills 
ho suspended in 7 per cent NnCl solution, partial liamnlvHs will 
bo enured by subsequent 1\ plating tlicm in n 3 T > jxr rtnt solution 
If blood bo added to 1 "i per ctn t Nst'l n trace of lmmohsis will 

* In cww'h of jmmtUco wlifir tbn !•* htchl> roJcvtjn^l « 'Imp itH 

pftllrntV t* rum should l« iwldM to ttwh tuU of tliw v nion Ja«I *^r c-t I*-''*-' 
TnAtciunt, tubM of th« nupcniMnnt i*cnf* omtwt tb«*m 

jany or nra xin Y 
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occur on subsequent exposure to normal sabno To eliminate 
the risk of altering the rod cell fragility it was therefore considered 
desuable to reduce tho preliminary mampulations to a minimum, 
and untreated whole blood was employed Some authors havo 
claimed that in certain cases of acholuric jaundice the abnormal 
fragility can only bo detected after tho rod colls havo been washed 
free from plasma The wntor lias therefore inudo a practice m 
cases of acholuric jaundico of estimating tho fragility both with 
whole blood and with w ashed corpuscles Tho results bar o always 

agreed closely, and three cases of familial acholuric jaundice which 
showed a normal fragility when whole blood was used still showed 
no abnormality after tho corpusolos lind been washed It 13 shown 
below that, ovon using whole blood, Rbght acidity of tho salmo 
solution mahos tho corpuscles appear more fragile If wasliod 
corpuscles are used, tho vory oiticiont buffering action of the 
plasma will bo lost and slight alterations in pH of tho hypotonic 
sahno will produco gross alterations m fragdity of tho wnshod colls 
This is an additional and strong reason for using wholo blood and 
thereby retaining tho buffering effect of tho plnsnia 

2 Exposure of blood to a current of air Imostigations were 
made to determine whotlior, m tho ovent of vonous blood, being 
unobtainable, eg m an infant, tho substitution of capillary blood 
would affect tho results Comparative estimations showed that 
tho red cells of venous blood were more ftngilo than tlioso of 
capillary blood, but that tlio dlfforonco ill fragdity could bo abolished 
by exposing tho blood to a current of air boforo adding it to hypotonic 
sahno It was further found that tho longer the tourniquet was 
applied and tho greater tho degreo of cyanosis induced before tho 
venous blood was collected, the more fragile were tlio red cells, 
but again the alteration in fragility produced by cyanosis could 
bo abolished by exposure to a current of air Tho essential factor 
appears to bo tlio reduction of the CO. tension of the blood to that 
of the atmosphere, and if tlio blood is aerated before testing it is 
immaterial whether it is obtained from capillaries or from tlio vein 
of a oyanosed limb Fig 1 sIiowb tlio effect of tho origin of the 
blood and of preliminary aorntiou on fragility To obtain consist*, nt 
results it is essential that tlio aeration should bo thorough and a 
strong current of air should bo blown ovir O10 blood for four 
minutes Fig 2 shows tho effect of aerating cyanosi d venous blood 
for v arying periods 

3 Amount of blood to be added It ls important that the ratio 
of blood to sahno should bo kept constant, or discrepancies wall 
arise from tho varying quantities of plasma introduced Stnctlv 
the effect of tlio added plasma on tlio tomutv or the hypotonic 
saline should bo allowed for, but provided the error is 1 ept os 
constant as possible by adding a constant proportion of blood, it 
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seems justifiable to ignore it. The increased proportion of plasma 
m a drop of anaemic blood will make its corpuscles appear less 
fi agile The proportion of blood to be added — 1 drop to every 
23 drops of saline — -was selected because even with very anaemic 
blood this gives sufficient colour for matching purposes 

4 Duration of exposure to hypotonic saline Haemolysis by 
hypotonic saline is very rapid and is practically complete within 
3 minutes The penod of 20 minutes laid down above provides 
an ample margin No further haemolysis occurs for some hours, 
and it is immaterial whether the tubes are centrifuged after 
20 minutes or 6 hours , but the centrifugahsation, pipetting off of 
supernatant fluid and washing of deposit with saline should be 
completed the same day, as further haemolysis is liable to occur on 
standing overnight, even in an ice chest 

3 Effect of acidity of the sodium chloride solution on fragility. 
Some commercial samples of distilled water are acid in reaction 
and some mconsistent results obtained m the writer’s laboratory 
shoving haemolysis m a normal person up to 0 55 per cent. NaCl 
weie traced to this cause A senes of investigations was therefore 
earned out to determine the exact effect of acidity on the results 
(table). It will be noted that there is an appreciable effect with 


Tabus. 

Percentage of corpuscles hccmolysed on the addition of one drop of whole blood 
to 26 drops of hypotonic saline of varying acidity 


HO In 
parts per 
million 

i 

Concentration 

oma 

Percentage of sodium chloride 

0 36 



0 44 

0 40 

0 48 


0 52 

0 54 

0 50 



00 

0 

32 

IS 

5 

3 

1 






■ 


3 0 

X 110,000 

45 

25 

8 

4 

1 




_ 


■ 


7 2 

A T /3,000 

03 

30 

25 

5 

0 






mb 


18 0 

X 12,000 

85 

75 

45 



4 

1 




■ 


30 0 

Xf 1,000 

93 

88 

80 

El 

14 

9 

7 

6 

4 

2 

§01 

• 

72 0 

JN'/oOO 

95 

95 

93 

1 


50 

33 

25 

25 

14 

B 

a 


dilutions of HC1 extending up to 4 parts per million (N/10,000), 
even when whole blood is employed If a 1 . 100 dilution of blood 
is used instead of 1 25, the buffering effect of the plasma will bo 
seriously diminished, and with washed corpuscles will be lost 
The pH of the saline under these conditions will he a far more 
important factor. 

G Effect of anaemia It has repeatedly been observed in the 
course of these investigations that anremic patients tend to have 
more resistant corpuscles and as the anaemia improves the fragility 
increases and approaches normal figures. Tins factor must 
therefore be taken into account in is Ni preting the results A 




















33S 


E. Fr. GREET) 



Fig 3. 
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are added shaken up and then centrifuged If any lvsemolysis is 
apparent m the supernatant fluid, the case requires further 
investigation 

Summary 

X A method of estimating the fragility of red blood corpuscles 
is described -which is believed to give moie consistent and accurate 
lesults than methods previously employed 

2 The method consists m the addition of measured quantities 
of aerated whole blood to sodium chloride solutions of varying 
concentration, prepared by a dropping technique from a stock 
25 pei cent solution The percentages of corpuscles hsemolysed 
and left unliasmoJysed are estimated by matclung against a series 
of colour standards 

3 The effect of the venosity of the blood on fragility is 
consideiable, but preliminary aeration of the blood reduces the 
fi agility of samples of varying venosity to a constant level 

4 Vanations m the pH of the distilled water employed are a 
possible souiee of error in fragility determinations, but their effect 
is minimised by the use of whole blood in a dilution of 1 25 owing 
to the buffering action of the plasma 

5 Anannia per se increases resistance to hypotonic saline and 
this factor must be taken mto account in interpreting fragility 
cuives 

G The commencement of haemolysis is very gradual and it is 
impossible to give any point at winch it begins or is complete 
In normal individuals the concentration of sodium chloride which 
htomolyses 4 per cent of the corpuscles varies between 0*41 and 
0 45 per cent and the concentration luemolysing 50 per cent of 
corpuscles betivcen 0 36 and 0 40 per cent The fragdity curve of 
a given normal individual remains very constant over long periods. 


Dav. ‘.on of Penn 
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175 c c capacity previously filled with oxygen The "blood is equilibrated 
with the contained oxygen by rotating the cylinder rapidly for ten minutes, 
so that the blood spreads out as a thm film It is not essential to fill the 
cylinder with oxygen • air can be substituted and the same results obtained. 
For this reason it is unnecessary to take elaborate precautions to prevent 
dilution of oxygen with air when placing the blood m the cylinder prior to 
aeration Oxygenated in contradistinction to aerated blood has, however, 
been used throughout the present study For routine purposes it is 
recommended that aeration be employed, using a cylinder with no stopper 
With the stopper in place there is produced an apparent shght increase m 
fragility due to C0 2 retention 

One drop of oxygenated or aerated blood is then added to each tube of 
saline and two drops to the tubes containing distilled water These are 
mixed by immediate inversion, corked and replaced in the ice chest as soon 
as possible 

One c c. of saline corresponds to 22 drops of blood, and therefore the 
proportion of blood to saline is in the ratio of 1 • 23 At the end of half-an- 
hour the tubes are removed from the ice chest and their contents centrifuged 
at 1-2000 r pm for five minutes 

Standards for quantitative estimation of the degree of hfflmolysis are 
then prepared by diluting the blood and distilled water solution so that 
dilutions from 10-90 per cent are obtained at 10 per cent intervals. 

The percentage of haemolysis in the different tubes is estimated by direct 
matching of the haemoglobin-tinged supernatant fluid m the tubes in which 
haemolysis has taken place with the prepared standards If the colour 
of the haemoglobin solution hes between two standards, e g. 20 and 30 per cent., 
the percentage haemolysis is taken to be midway between the two, ie 
25 per cent When the haemolysis is obviously only just in excesB of that 
in a standard tube, eg 20 per cent , this is called 20 per cent +, similarly 
if shghtly less, 20 per cent — When haemolysis is almost complete it becomes 
difficult to match the tubes m the way described and readings above 
86 per cent should not be considered absolute If for experimental purposes 
venous blood or blood saturated with C0 2 is used, it is necessary to centrifuge 
the standards, as a precipitate of globulin develops when shghtly acid plasma 
is diluted with distilled water The amount of precipitate depends on the 
pH. of the plasma 

The curve is recorded graphically by plotting as ordinates percentage 
haemolysis and as abscissae concentrations of NaCl solution, as has been 
used by Dawson (1931), Whitby and Hynes (1935), Vaughan (1936, 1937) and 
Creed (1938) The method of expressing tins curve mathematically m any 
instance is that previously suggested by Vaughan (1937) The median 
corpuscular fragility (M C F ) is that concentration of saline which will 
cause 50 per cent haemolysis The shape of the curve or span of resistance 
is expressed as b, a figure representing the slope of the line on winch he the 
16-84 percentage haemolysis values expressed as normal equivalent deviations 
This latter figure is without great practical significance. 

Red cell counts, haemoglobin percentage and mean coipuscular volume 
{M C V.), diameter (MOD) and thickness (M C.T ) have been estimated by 
methods previously described (Pnce-Jones, Vaughan and Goddard, 1935) 
The difficulties inherent in measuring cell diameters on dry films (Ponder 
and Millar, 1925) are appreciated, but since the error is probably a constant 
one, results obtained have a relative value 

The method of estimating red cell fragility above described has proved 
sa is actory in practice and the results obtained where estimations have 

een uphcated or triplicated have been notably constant In order to 
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dctcrmino when an obser\ cd change m fragilitj mnj bo considered significant, 
10 estimations were performed on a sample of normnl blood with tlio following 
results 

* II (M CF) — 0 35074:0 0003 g per cent XnCl 
i = 0 001 g per cent NaCI 

V = 0 28 per cent 
Tor b tlio figures were * — 

It = 57 2±1 053 
o = 3 341 

V = C 841 per cent 

The red cell fragility in normal subjects 
Using tho abo\o technique fragility estimations have been 
performed on a senes of 50 normal subjects, 26 men and 24 women 


FREQUENCY DISTRIBUTION 
NORMAL MEDIAN 
CORPUSCULAR FRAGILITY 


ao 



PERCENTAGE NaCI 
CONCENTRATION 


Fio 1 

(figs 1 and 2) Tho calculated figures for the MCI? of tho whole 
senes were — 

* M = 0 366±0 0015 g per cent NaCI 
<r = 0 0105 g per cent NaCI 
V = 2 9 per cent 

-Z= = 0 0015 g per cent NaCI 

VN 

Possible limits M±3o- = 0 334-0 398 g per cent NaCI 

* M «= arithmetic mean 
a = standard deviation 
V «= coefficient of \ anation 
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Tlie observed limits of M C F were 0 347—0 387 g per cent. NaCl, 
and tbe values for b 24-62 The calculated figures were — 

M = 42-7±l-2 

ct = 8 6 
V = 20-14 



Possible limits M±3cr = 16 9-68 6 

Further study of the value of b as an expression of the shape 
of the curve in pathological bloods makes it appear probable that 
it is not in practice very useful Variations m the slope of the 
curve except in rare instances tend to affect particularly its upper 
and lower ends, which are not included in the slope measured by b 



Fio 2 


The calculated mean M.C F. for the 26 men was 0-366, for the 
24 women 0 365 g per cent Theiefore the present small series 
suggests that theie is no significant difference in fragility between 
men and women, as Leake and Pratt (1925) had tentatively suggested 
Hremolvsis began in concentrations of saline varying from 
0 40 to 0 44 g per cent It will be noted that no figures have 
been given for complete liaimolysis This is difficult to determine 
b> the above tccliniquc. There are normally present a few 
extremely resistant cells (Creed) winch can be determined if the 
t eposit after centnfugalisation is examined under the micioscope 
us was done in 30 of the normal subjects The saline 

"s. 
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concentration producing complete lwinolysis was found to vary 
from 0 10 to 0 22 per cent NaCl 

Factors astfcting the resistance of the red cedes to 

HAM01A SIS Dr IIYTOTONIO SAUNE 
1 Intrinsic factors 
(a) Red cell dimensions 

It lias been suggested that red cell resistance to hreinolysis m 
liypotomc solutions is closely associated with, if not dependent 
upon, red cell thickness (Vaughan, 1937) A high degree of 
correlation uas indeed found in a miscellaneous group of cases 
between mean corpuscular thickness and median corpuscular 
fragility On the other hand, in certain patients with acholuric 
jaundice after splenootomy, median corpuscular fragility was still 
inoroased while cell thickness returned to normal (Vaughan, 1937) 
It appears thoroforo that though coll shape may be an important 
factor influencing hicmolysis in hypotonic saline solutions it is not 
necessarily the determining faotor When the probable mechanism 
of hypotonio hicmolysis is considered the important part which 
might bo played, on theoretical grounds, by cell shape is apparent 

Tlio avadablo evidence, summarised by Ponder (1934), suggests 
that when red cells are placed in a hypotonia solution, water enters 
tlio cells which thereby increase m volume Ponder and Saslow 
(1931) behove that at first the red cells may increase in volume 
without aotual stretching of the cell membrane or alteration in 
diameter, due to partial eversion of the cell’s concavities If the 
medium in which the colls are suspended is sufficiently hypotonic 
a further increase in water content is associated with both stretching 
of the cell membrane and a decrease in cell diameter (Ponder, 
1922-23, 1933 , Ponder and Millar, 1925) If the tonicity of the 
solution is sufficiently low the critical Inemolytic volume (Jacobs, 
1930) may be reaohed and hromolysis will then take place os tlio 
membrane is unable to resist further stretching It follows that 
before actual hicmolysis takes place the oell responds to an increased 
water content by adjustment to a more spherical form, thus 
postponing as long as possible actual stretching of its membrane 
The initial degree of spherocytosis present is therefore of importance 
in determining at what point hicmolysis will occur 
M G T 

The ratio — of the red cell gives a measure of how far a 

MOD 

cell diverges from the spherical form, and it has therefore been 
used in the present study as the expression of cell size most likely 
to he linked with rod cell fragility 

Fig 3 represents graphically the relation between this ratio 
and the corresponding median corpuscular fragility (MCF) m 
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a series of 19 cases, both, normal and pathological * The coefficient 
of correlation is +0 86, with a probable error of 0*058 There is 
thus a significant correlation between the two variables Here 
as elsewhere m the present study MCI' has been corrected in 
part for the degree of aneemia present (see p 353) 



Fig 3 


In the same senes M C T has been compared to corrected 
MCE In this case the coefficient of correlation is +0*72, with 

M C T 

a probable error of 0*11 The ratio is thus preferable to 

MOD * 

M C T alone as the expression of red cell size which may influence 
red cell fragility. 


(b) Chemical composition of the cell and its membrane. 


As already suggested red cell shape cannot alone be responsible 
for red cell fragility since alterations m cell shape may occur without 
affecting the fragility (Vaughan, 1937) Vanations m the chemistry 
of the cell are probably also concerned (Maizels, 1936 ; Enckson 
ct al , 1937 , Williams ef al , 1937) Enckson et al found no 
relationship between fragility and cell protein, mean corpuscular 
volume or haemoglobin content The latter finding has been 
confirmed in the present study 

The membrane itself is of possible importance Enckson et al , 


. ® e hidcd findings m individual cases are given in an unpublished appendix, 

(Srnt2^a?to?)Sdo“ s w 7. eposited 111 th0 General Llbrai y* Bntish Museum 
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hovoier, studying the lipoid content of tlio rod colls, did not find 
abnounahtics in tlio phosphokpoid-cholosterol ratio associated with 
abnormal fragility It is probablo that tho capacity of tho red 
coll luombrnno to withstand strotobuig may vary, but tins is a 
point difficult to determine Pondor (1934-35) has suggested, 
how or or, that tho volume of tho cell may at least partly determine 
liow great an increaso in surface area can take place before rupture 

2 Extrinsic factors 

It lias been shown that tho resistance to luomolysis m hypotonic 
salino of any red coll is dependent, at least in part, upon that cell's 
dimensions Thcso control tlio amount of water wluoh may entor 
tho coll beforo its membrane is submitted to an increased tension 
sufficient to produce luemolysis It is also certain that any phj sico- 
olicmical process which modifies the lome and lienee the water 
content of tho red cell will necessarily alter that cell’s resistance to 
luomolysis An increased ionic content requires a greater influx 
of water to restore equilibrium with an external saline solution of 
givon tonicity This results in diminished resistance to luemolysis 
Similarly a reduced lomo content results m increased resistance 

(a) Oxygen and carbon dioxide content of the blood 

Tho fact that alteration in 0 2 and CO a content of tho blood 
under tost modified fragility lias been notod by Butler (1912-13), 
Whitby and Hynes (1935) and Creed (1938) They have shown 
that tho more " \enous ” tho sample of blood, the more “ fragile ” 
its cells wall become and vice vorsa This undoubtedly is associated 
with the increase in cell volumo which occurs when the C0 3 content 
of blood is mcreasod 

Van SlyLo, Wu and McLean (1923) obtained a 0 4 per cent 
increase m cell volumo with a corresponding increase in COj. tension 
from only 41 6 to 49 2 mm Hg Doisy and Baton (1921), however, 
only obtained a 2 G per cent increase m volume m association with 
an increaso in C0 8 tension from 23 to 7G0 mm Hg, wlulst Joffe and 
Poulton (1920-21) could detect no significant increase when tho 
CO a tension was raised to 90 mm Hg 

In a senes of 21 normal and pathological bloods the fragility of 
similar samples equilibrated in an atmosphere of O s and CO s has 
been oompared In ovory case the CO a -saturated sample showed 
a remarkable increase in fragility compared with tho same blood 
saturated with oxygon There was also a parallel inorease in 
packed cell volumo This varied from 9 3 to 20 6 per cent of the 
onginal volume of packed cells Hie dose association botween 
increase in fragility and increase m cell volume can be shown 
graphically (fig 4) Here tho difference in paoked cell volume 



COP P ELAT I ON BETWEEN PERCENTAGE INCREASE 
IN PACKED CELL VOLUME AND PERCENTAGE 
INCREASE IN MCE DUE TO CO a SATURATION 
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an increased loss of osmotically active substances with associated 
water from the cells to the hsemolytic solution with increased 
temperature, resulting in the cell becoming smaller The cells 
suspended in a warmer medium are thus able to take m more water 
before rupturing and hence appear more resistant. The mechanism 
of this ionic loss is disputed (Ponder, 1934). In the present study 
these findings have been confirmed In the systems used it has 
been found that an alteration of 2° C in the temperature of the 
saline solution used for hsemolysis was equivalent to about an 
0*002 per cent alteration m saline concentration (fig. 7) 



(c) p H of saline solution 

Hampson and Maizels (1926-27) have shown that the volume 
of any red cell suspended m saline depends upon both the concentra- 
tion of NaCl and the pH of the solution. They found that for all 
tonicities cells have a minimum volume at a pH of 8 1, whilst at 
both higher and lower pH the cell volume rises. From this it 
follows that the degree of haemolysis at any salt concentration will 
vary slightly with the final pH of the suspension (Jacobs and 
Parpart, 1931 , Saslow, 1932) 

In the technique used unbuffered saline has been employed as 
a haemolytic solution This is probably justified, because when 
whole blood is added to sahne m the proportion of about 1 20, 
the plasma contained m the blood is sufficient to prevent the cells 
being subjected to any gross alteration in pH. In an actual 
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The observed M C F. at the different cell-plasma dilutions is contrasted 
with the corresponding red cell count In order that the effect of 
anaemia can he justifiably contrasted, irrespective of the level of the 
ori gina l M C F , the logarithms of the mean corpuscular fragilities 
are recorded It is at once evident that anaemia has produced 
an alteration in fragility since in every case the more anaemic the 
blood the less fragile the cells appear to have become (fig 9) 

At least two factors may explain this alteration m fragility 



Fid 9 


i Variation m the amount of added plasma This depends on 
the fact that when a drop of blood is added to 1 c c of NaCl solution 
the effective salt concentration is raised because a certain amount 
of plasma of ionic concentration 150-160 meq per litre (about 
0 90 per cent NaCl ; Peters and Van Slyke, 1931) is added At 
once it follows that the more plasma there is contained m any 
drop (as in “ anaemic ” blood) the greater is the osmotically 
equivalent NaCl concentration of that drop and the higher is 
the resulting salt concentration of the plasma-saline haemolytic 
mixture 

For example, if one drop of blood of packed cell volume 20 per cent , and 
a further drop of the same blood with some of its plasma withdrawn so as 
to have a packed cell volume of 60 per cent , are added to two tubes each 
containing 1 c c (22 drops) of NaCl solution of 0 38 per cent concentration, 
a drop of ‘ antemic ” blood is added to one tube and a “ p oly cythcemic ” 
drop to the other In the case of the former this contains 80 per cent, 
plasma Therefore we have added 80 per cent of one drop of 0 90 per cent 
.NaCl to 22 drops of 0 38 per cent NaCl This will raise the actual salt 
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The observed M C F at the different cell-plasma dilutions is contrasted 
with the corresponding red cell count. In order that the effect of 
anaemia can be justifiably contrasted, irrespective of the level of the 
original M.C F , the logarithms of the mean corpuscular fragilities 
are recorded It is at once evident that anaemia has produced 
an alteration m fragility since in every case the more anaemic the 
blood the less fragile the cells appear to have become (fig 9) 

At least two factors may explain this alteration in fragility 



i Variation m the amount of added plasma This depends on 
the fact that when a drop of blood is added to 1 c c of NaCl solution 
the effective salt concentration is raised because a certain amount 
of plasma of ionic concentration 150-160 meq per htre (about 
0 90 per cent NaCl , Peters and Van Slyke, 1931) is added At 
once it follows that the more plasma there is contained m any 
drop (as in “ anaemic ” blood) the greater is the osmotically 
equivalent NaCl concentration of that drop and the higher is 
the resulting salt concentration of the plasma-sabne haemolytic 
mixture. 

For example, if one drop of blood of packed cell volume 20 per cent; , and 
a further drop of the same blood with some of its plasma withdrawn so as 
to have a packed cell volume of 60 per cent , are added to two tubes each 
containing 1 c c (22 drops) of NaCl solution of 0 38 per cent concentration, 
a drop of “ antomic ” blood is added to one tube and a “ polycythsennc ” 
drop to the other In the case of the former this contains 80 per cent 
plasma Therefore we have added 80 per cent of one drop of 0 90 per cent 
.NaCl to 22 drops of 0 38 per cent NaCl This will raise the actual salt 
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jrnl.li i 1 In Tyi!r and Pmlt u*mc Rnnim-ls t.-ehnlquo TIu\ ri\» v ulu 
limit- mill ti J I In unit n ixttimm. ns high ns about 0 fl p r ruit \\ nugh 
nnlHi* JHi who. upp r limit inilxml 0 -.0 pi r com .report complete 

hwiHs in about 0 21 jvrt.nl Mlutln nn.l ]f\nci nlso living a modified 
haw I' t'clumpi. line piihlnlinl quantitative curs, s conespanding to 
Horn nl him 111 s find m « #rm nf BO mm IitiiioHms coimn ncing at 
lutwi mi t >nn>10 *.l (-Tri ill nndpnirticnlh coinplMontO 33 ft IDpcrcmt 
Nn Cl TI . norm il limir« <1 liml hj f rtvsl ngm rj III m clo-.Ij V.-Ilh (ho 
pit in! n~ nhil ! \ nuglinn ■* (1*117) M C 1 value h shelith pn stir 

1 rom tli« prcicding Olivers nt kwh \t ih apparent that thiso 
annum results prohibit dcjiend upon differences m technique 
'J he « unhide (1) qualitative) (lifTcrencrH in tho lranolytio Kolulion 
usul, (2) van mg temperatures at which tho estimations tiro 
jierforimd , (1) tho fact that m somo techniques tho red tolls nro 
“ unshed " ami tint in others uholo blood is used , (4) differences 
in O. and ( O. content of tho Idootl nt tho tuno of testing It is 
belies td that the technique described in tho present paper excludes 
iliffennces duo to Mich possible external factors 


SrstMAns 


1 A quantitative te< hnique far estimating rod cell fmgihlj is 
desenhed 

2 Tho cnlenlated normal median fragihtj mensural on DO normal 
MilijcctH is 0 100 g per rent XnCl tho healthy range being 
0 Tll-0 308 g 

3 Bed cell frngilit j- is closely related to cell dimensions expressed 


ns the 


MCT 
M C B 


ratio Tho lnttor may ho tennod an intrinsic factor 


influencing fragility Increase in this ratio is associated with 
increnRo in fragihtj-, hut tho roicrso is not ncccssnnlj true 

4 Intrinsic factors influoncmg fragihtj arc tho 0. and CO;, 
tension of tho blood and tho tomporaturo nnd pH of tho hicmolj-tio 


solution 

5 Amentia produces on apparent reduction in fragihtj- Tins is 
partlj duo to tho increased amount of plasma contained in any 
drop of blood, partly to cliango in coll vohuno resulting from 
oxjgonntion Chonucnl sanation in tho cell constitution maj also 
ho important 


S\o are grateful to Dr F IT Creed Tor first demonstmting lus method to 
u« , also to Dr A Gilpin of King's Collogo Hospital, to tlio chief Medical 
Officer of tho London County Council nnd to tho physicians nnd surgeons of 
the British Postgraduate Medical School who hn\o allowed us to investigate 
tlieir patients Ono of us {J V ) is indebted to tho Los orhulmo Trust of 
tho Bojal Collogo or 1’liysicmns for a grant which lias enabled this work 
to bo earned out 
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haemoglobin present (Henderson, 1928). It follows that the fewer 
the cells present the more water wall each cell lose before equilibrium 
between cells and plasma is once more established at the new 
pH. Loss of water and anion means reduction m mean corpuscular 
volume and this in turn results in increased resistance to hypotonic 
haemolysis In 6 out of 7 cases investigated tins reduction in 
MCV was demonstrable 

The data recorded m fig. 8 suggest that this effect varies m 
different pathological conditions In a normal subject and in 
two cases of hypochromic microcytic anaemia it was approximately 
the same, but it was greater in the three other instances (two cases 
of acholunc jaundice and a case of pernicious anaemia). Hampson 
and Maizels (1927-28) have shown that in these last two diseases 
the pH of the cells is lower than normal (average 7 201 in 5 cases 
of pernicious anaemia, average 7 072 m 4 cases of acholuric jaundice, 
the normal being 7 396 in 10 cases) This increased acidity of the 
red cells may be associated with an abnormal response when exposed 
to moie alkaline plasma 

It is probable that chemical differences, at present unrecognised, 
in different types of anaemic red cells may also be responsible for 
differences in response to haemolytic solutions The importance 
of the chemical constitution of the cell is emphasised by the fact 
that in acholunc jaundice following splenectomy red cell fragility 
may remain increased while thickness returns to normal Observed 
red cell fragility is therefore decreased m anaemia, apart from any 
fundamental vanation m cell size and shape Changes in the latter 
are due both to the addition of varying amounts of plasma m 
any drop of blood and to aeration of the blood under test 
Quantitatively this last depends on the number of cells present 
It must be realised, however, that the term “ corrected MCI?” 
does not imply complete correction for anaemia Allowance has 
been made for added plasma only, as the data are too slender to 
permit further correction 

It is essential, therefore, in performing fragility estimations to 
consider the degree of anaemia which may be present The effect 
of anaemia m reducing red cell fragility is sufficient to influence 
results obtained by a less sensitive method than the one here used. 

Discussion-. 

Previous "workers have found variable figures for red cell fragility w 
normal subjects Hill (1915) in a senes of 19 cases gives limits of 
0 47 3 per cent Had for beginning hasmolysis and 0 275 per cent for complete, 
wlulst Wiseman and Bierbaum (1931-32), using diluted plasma, give corre- 
sponding values of 0 412 and 0 - 300 per cent (equivalent NaCl concentration) 
in a senes of 50 normal subjects More recently Dal and and WortMoy 
(1934-35) give limits of 0-47 per cent as “ trace ” of hasmolysis and 0 27 per 
cent as complete in a senes of 20 cases. Quantitative limits have been 
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VEX 01 f> SPLENOMEGALY A STUDY IN EXPERI- 
MENT \L PORTAL CONGESTION* 

7 llnmkuit AIi non 

^'1 Or /*« holrvjif 1) jstrfmen* Lntvrr/ntij of Filmburyh 

(l*i in Will) 

Tiir elTwt of \onous congest ion m tho production of clironic 
hploiiomcgaly m mnn tins been \nnoush estimated II has boon 
argue* l for instance that f lie extreme splenomegaly of splonio 
ninmi'V and Hnntls clisc^o is the result of primary obstrnotivo 
lotions of tho portal and splenic \ 01 ns (Dock and Wart hm, 1904, 
Wnrfhm, 1910, Klemjicrer, I02S 1930) On tho other hand, 
tho fact that tho spleen in cardiac stasis novor shows aucli oxtromo 
enlargement unless there is a complicating factor such as subacute 
endocarditis is against this mow 

Of pmnis r «uch» -» on tho circuloton disturbance* of the pploon, Malpighi’s 
< xj* rim* ut of limit ion of tho \essvli of the aplmn in a young clog (quoted 
1>\ T*oMm% 1001) Mas followed l>\ an atrophx of tho organ Ligation of tho 
j>ortn1 \cin 1ms nl«o l>e< n earned out, but mostly with a mow to determine! 
the effect on tli« li\ er A congest i\ 0 n act ion in tho spleen following blockage 
of tli*i splenic \rln was fust noted by Hosier (1803) and tho studies of 
Sol olofT (1SSS) defined tlt« congestin' it action Ho found in clogs and 
rabbits within about ten minutes nflcr obstruction distension of tho pulp 
\eins and nnuss As tho congestion increased blood percolated into tho 
tnedn"* of tin pulp which lie argued was duo to tho alteration from a u closed ” 
to nn * open" circulation Wicklem (1891) found in dogs that icnous 
engorgement produced by constriction of tho veins grndualh desappoared 
within £1 elavs after the operation Tho limitations of tho congestive 
enlargement were determined by Warthin who found that after ligature 
of the splenic suns 111 clogs and rabbits tliiro was an immediate passive 
congestion with moderate enlargement of tho spleen , tins lasted for about 
si v w eeks and was follow eel b\ irregular atrophy No c\ ldcnco of proliferative 
changes could be obtoined ‘Wartlun concluded that tho condition of splonio 
hyperplasia m man duo to obstruction bj thrombosis of tho splonio and 
portal x 01 ns could not bo reproduced m tho experimental animal Following 
lignture of tho main branch of tho portal vein in rabbits, Rons and Larimore 
(1920) did not find any significant splenic changes 

More rreenth Ttiger (1031) has claimed tliat tho effect of partial ligature 
of tlio portnl \ein in dogs is quite different from that rnducod by ligature 
of tho splenic vein einco nn intermittent congestion was induced by tho 

* Port of a thesis for tho degree of D Sc of tho University of Edinburgh 
3o7 
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VFNOl s SPLENOMEGALY A STUDY IN EXPERI- 
MENT VL PORTAL CONGESTION * 

I IJn\sKiTi\ Mrsov 

i r* III th Drpnrtmmf fyimYMi/v 0/ /tfinAittyA 

(Pi vti XVIII) 

Till effect of \ Plums congestion in tho production of chrome 
hplcnonv'gnlt in nmn fin 4 * been tn non sly estimated It has boon 
argued for iilsIuico that the o\trcmo splenomegaly of splotuc 
nn'imin nncl HnnU’w discus is tho result of pnmnry obstructive 
lesions of the port it mul splenic veins (Rock mid Warthm, 190f , 
Wnrthm, 1910, Klcinjicrer 1928, 1990) On tho othor hand, 
th« fact llint the spleen 111 cardiac stasis never show a such oxtromo 
onlnrgemeiit unless there is a complicating factor such ns subneuto 
endocarditis is against this now 

Of pionc* r studies on the circulators disturbance* of tlio spleen, Malpighi’s 
rx|s run« nt of ligation of tlio \cw*li or tho spleen m a young dog (quoted 
h) 1 o«ter 1901) wa* followed !»\ an ntrophv or tho orgnn Ligation or tho 
jxirtal \<*m Ims nI<*o l>een earned out but mostlv with n view to deterznmo 
the effect on the h\ ( r A congest »w n net ion m tho spleen following blockage 
or the ophriie %eln wiw first noted bj Hosier (1803), and tho studies of 
Sol olofT (ISSft) defined the congestive nnetton Ho found in dogs and 
rabbits, within nlxiut t< 11 minutes nficr ob<truction, distension of tho pulp 
\eins and sinuses As tho congestion increased, blood pereolated into tlio 
implies of tho pulp which be argued wns duo to tho alteration from n " closed ” 
to an “ojM'n" circulation Wicklem (1801) found in dogs that \ enous 
engorgement, produced bj constnetion of tho veins gradual!} disappeared 
within 21 doirt nft< r the operation Tho limitations of tlio congestivo 
enlnrgunent were determined l>j Warthm who found that after Iignturo 
of the aplemo vcuin in dogs and rabbits there was an immediato passive 
congestion with moderate enlargtment of tho spleen , this lasted for about 
six w eek* and was followed bj irregular ntroph} Ho o\ idcnco of proliforativo 
clmnges could bo obtained W art bin concluded thnt tlio condition of splonio 
hyperplasia in man duo to obstruction bj thrombosis of tho splcmo and 
portal \ cins could not be reproduced in tho experimental animal Following 
Iignturo of tho main branch of tho portal \ cm in rabbits, Rous and Lanmoro 
(1920) did not find nnj significant splenic changes 

Moro rcctntl> Jflgcr (1931) has claimed that tho effect of partial ligature 
of tho portal \em in dogs is qmto different from that induced by hgature 
of tho splenic vein, sinco an intermittent congestion was mduccd by tho 


Tart of a thesis for tho degree of D Sc of tho Um\ entity of Edinburgh 
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portal tide "which varied with the alimentary absorption The capsulo- 
trabecular system showed predominant changes with obstruction of the 
splenic vein, while portal vein occlusion was followed by distension of the 
sinuses He held that the morbid picture of the “ fibro-ademe ” of Banti 
could be mduced merely by congestion Analysis of his experimental work 
brings out the important fact that m no instance was there any evidence of 
definite proliferative reactions or gross splenomegaly 

In order to determine whether proliferative reactions could be 
induced m the spleen by portal congestion it was necessary to 
study the effects at different stages of portal obstruction 


Material and methods 

The following methods of inducing portal obstruction in rats and rabbits 
were employed (1) complete closure of the portal vein at the gastro-hepatic 
omentum by a silk ligature, (2) partial obstruction of one-tlnrd to two-thirds 
of the diameter of the vein by a small elastic band or loop of silk thread, 
(3) partial obstruction of the vem by a kink produced by a loop attached to 
the under surface of the hver, (4) obstruction of the left mam branch by a 
ligature close to the porta hepatis, (5) partial obstruction of the vem by 
means of a pituitary clip clamped on one side of the vem so as to mduce 
various degrees of constriction, (6) obstruction by experimentally mduced 
portal phlebitis and phlebosclerosis by the action of caustics on the portal 
vem 


The portal vem of the rabbit is peculiar m that it is contmued to the 
under surface of the hver as the mam left branch while a smaller right branch 
is given off before reaching the hver. This supplies the right posterior and 
caudate lobes The right anterior and the left anterior and posterior lobes, 
together forming the mam bulk of the hver, are supplied by the mam left 
branch The common bile duct lies immediately on the ventral surface of 
the portal vem a little to the nght, with the hepatic artery deeper down and 
more to the right of the vem In the rat the vem is very thin and small but 
otherwise the relations are similar. 

Under ether anesthesia the abdomen was opened by a median incision 
extending vertically downwards from the xiphoid cartilage for an inch and a 
half Hie anterior margin of the hver was kept up by means of a retractor 
and the lower border of the stomach was pulled out to brmg out the gastro- 
hepatic omentum A curved director was then passed from behmd forwards 
through the omental fold to mclude the vem "without tearing through the 
wall. The hepatic artery and common bile duct were gently dissected off 
y a blunt needle and a loop of the ligature passed through and dealt "with 
m one of the ways mentioned above 3?or ligating the mam left branch 
it was necessary to ligature high up close to the "under surface of the liver, 
eyond the smaller right branch When a pituitary chp was used the 
operation of partial clamping was easily carried out, smce the chp could he 
shpped on from the right side over the omental fold, care bemg taken to 
see that the hepatic artery and common bile duct were not mcluded The 
S**" Ur ° ^ aci ^ l t a ted by the use of special chp forceps designed by 
"Orman Dott for pituitary operations It was found on subsequent 
10n * °l l P was well clamped down, there was no danger of 

ippmg. The abdominal wound was sutured in two layers 
from i H lrvlve<i operation were killed after periods ranging 

vessels "nnrl montl \ s The spleen was removed entire with the splenic 
Zn i Ured a , nd wo, 8 hed before fixation. In most cases, both 
*P and liver were histologically examined After fixation m Helly’s 
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fl'H'l pv-ifiiti -vlmui wre Manual In (l) Mayors lmnnhim and tosin, 
<-’) At i! r m i irun I . mains \)m ntul \n„ Oti^an'ii .turn, (3) U< uh nliain’s 
n'lin -‘II 1 mi 1 (I) \l iM n ran hfiiation of tin- 1 oot lb"! rhovH-s stain for 
n ficulum 

ltMLITB 
General effect* 

Nunn of tlu' t irhor animals died of hmmnrrhngo from puiicturo 
of tin thin \ illul tom when tho tlirettor wits passed from bolund 
Ortlj o’lo rabbit dot eloped sepsis 1 his, botvotcr, tuts qutlo 
super licil mil dim to inflation of tho sut tiro mntorml In nil 
tlm Min nine ninnt iIh portal longe-Aion was well defined oton 
m\ innntliH nftir ni judged bj tho (ontbtion of the sjiluuc torn* 
at itttopij ns well as lit the state of tho trabecular and pulp toms 
m luitologicnl se< tains 

The effect of complete portal obstruction 

Complete lignum of tho portnl tom in rats and rabbits was 
mtnrmblt fatal m from I to 48 bourn m rats, in from 20 hours to 
4 tints in rabbits (table, p 300) Death tins duo to mesentone 
thrambo-is, followed 1>> rupturo of tho trnoitn tributaries into tho 
infest um and fatal In morrhngo Tho post niort etn npponrances woro 
reutnrl nblt constant 1 ho mesonterio t cuts bolow tho hgnturo w oro 
rongo-Ud, tho splenic tout distended and swollen Tho cods of tho 
jejunum and the ujijier rods of tho doum vero dnrh purplo in colour 
and tlm smalhr tenons twigs of tho me«ontoiT and in tho subserous 
coat of tho mtestuio were all turgid Tho lumen of tho intestine was 
fdled with clotted blood Tho spleen was cnlaigcd to about tlirco 
tunes tho normal sire It was dnrh jmrplo in colour, tho capsulo 
was tonso, and on section tho cut surfneo oozed blood Tho liter 
tvns generally jinlo and flnbbt but no other changes conld bo 
demonstrated 

Histological!} tho changes in tho splcon varied only in degroo 
In rats iljmg 3 12 hours aflcr tho ojioration tho condition of tlio 
splcon resembled that mot with in venous infarction Tho capsulo 
appeared ns an attenuated layer of fibrous tissue wlucli had lost 
nil unvt wTinklmg and loohod bho tho distondod wall of a blnddor , 
tho trabcculm woro very tlun and trabecular branching was almost 
indistinguishable oxcopt by tho nwin stain Tho ootigostion was 
so marked that tho cytoplasmic reticular synoytium was almost 
complotolj obscured and only tho attenuated romnants of a mcsli- 
work could bo mado out by sail Gicson's and Hoidcnham’s nzan 
stains Tlio jirotoplnsm of tho pulp synojtmm had disappoarod in 
mnnj places and onlj a few drawn-out threads romamod Whore 
lrcinoiTlinges had occurrod, tho Bynoytium hod undorgone necrosis, 
a clumgo romuuscont of tho sonous infarction mot with in tho 
corobral cortex following thrombosis of tho cortical veins Owing 
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portal tide ■winch varied with the alimentary absorption. Tho capsulo* 
trabecular system showed predominant changes with obstruction of the 
splenic vein, while portal vein occlusion was followed by distension of tho 
sinuses He held that the morbid picture of the “ fibro-ademe ” of Banti 
could be induced merely by congestion Analysis of his experimental work 
brings out the important fact that m no instance was there any evidence of 
definite proliferative reactions or gross splenomegaly 

In order to determine whether proliferative reactions could he 
induced in the spleen by portal congestion it was necessary to 
study the effects at different stages of portal obstruction 


Material and methods 


The following methods of inducing portal obstruction in rats and rabbits 
were employed (1) complete closure of the portal vein at tho gastro -hepatic 
omentum by a silk ligature, (2) partial obstruction of one-third to two-thirds 
of tho diameter of the vein by a small elastic band or loop of silk thread, 
(3) partial obstruction of the vein by a kink produced by a loop attached to 
tho under surface of the liver, (4) obstruction of the left mam branch by a 
ligature close to the porta hepatis, (5) partial obstruction of the vein by 
means of a pituitary clip clamped on one side of the vem so as to induco 
various degrees of constriction, (6) obstruction by experimentally induced 
portal phlebitis and phlebosclerosis by the action of caustics on tho portal 
vein 


The portal vem of the rabbit is peculiar m that it is contmued to the 
under surface of tho liver as the mam left branch while a smaller right branch 
is given off before reaehmg the liver This supplies the right posterior and 
caudate lobes The right anterior and the left anterior and posterior lobes, 
together forming the mam bulk of the liver, are supplied by the mam left 
branch Tho common bile duct lies immediately on the ventral surface of 
the portal vem a little to the right, with the hepatic artery deeper down and 
moro to the right of the vem In the rat the vem is very thin and small but 
otherwise tho relations are similar. 

Under ether antcsthesia the abdomen was opened by a median incision 
extending v ertically downwards from the xiphoid cartilage for an inch and a 
half The anterior margin of tho liver was kept up by means of a retractor 
and tho lower border of tho stomach was pulled out to bring out the gastro- 
hepatic omentum A cur\ cd director was then passed from behind forwards 
through the omental fold to include the vem without tearing through tho 
wall Tho hepatic artery and common bile duct were gently dissected off 
bj a blunt needle and a loop of tho ligature passed through and dealt with 
in one of the ways mentioned above For ligating tho mam left branch 
it was necessary to ligature high up close to tho under surface of tho liver, 
ojond tho smaller right branch When a pituitary clip was used the 
operation of partial clamping was easily carried out, since the clip could bo 
h *PP^d on from the right side over the omental fold, care being taken to 
s<o t mt the hepatic artery and common bile duct were not included Tlio 
procedure was facilitated by the u«e of spccinl clip forceps designed by 
r Borman Dott for pituitary operations It was found on subsequent 
operation that, if the clip was well clamped down, there was no danger of 
i s s- ippinc. The abdominal wound was sutured in two layers 

^ h,ch swrv^cd the operation were killed after periods ranging 
’ monl bs The spleen was removed entire with tho splenic 
nJ?i * rK ‘' 1 '' urtxl ftnf l weighed before fixation In most cases, both 
-P n and liur were histologically examined After fixation in Hellv’s 
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to tl««* distension of th's pulp incth with blood, only a few groups 
of celhil vr '■blit, m could ho mndo out homo of these woro the 
< ompn ss-d ninlpiclimn folhi lei, others item out King Hands of 
lvmphoid tissue which are normnllt prevent m tho rat’s spleen 
'I ho nnlpiglimn folh'lcs had retmnul then Imsie strnctui-e, hut tho 
thros will delimd runes normnllt present in the rut’s spleen woro 
nil riiuipn ssod into one s luster of lvmphoid cells, while the lymphoid 
n tumlmii wns h lrdh visible On tho whole tho appearance of tho 
spleen wns tint of t few islands of lymphoid tissno lvmg in a miss 
of blood whnli had not to.igul.vtcd, hut had retatnetl to a great 
extent tho tonfigumtion of tho spleen owing to tho prescnco of 
n thinned out lice work of reticular mesh (fig 1) Tho smus-es, 
Irvliocul-ir vans mid pulp vims could not ho distinguished oxcopt 
l>\ special staining \t tho extreme periphery of tho lohulo tho 
sinuses nppoircd ns distcndctl ssccnli 

In rats and rabbits dung 24 48 hours after oporntion tho 
coneo tivo reaction was still marked The engorgement wax 
siibrapsulnr and [« ntrnhccular fomutig a distinct rono involving 
tho poriphrrv of tho splenic lohulo and leaving tho mnlpightnn 
follicles comparative!! free These were compressed, however, 
by the distension with ldnod liovond tho mnrginnl rono, whore 
the arterial cnpillnries open out into tho reticular mesh In plnces, 
a few n d blood colls had percolated into tho follicles Tho secondary 
lvmphoid foci in the nit s spleen appeared compressed and grouped 
together 1>\ the congestion of tho pulp Tho reticulnr syncytium 
was distinct, hnt tho lncshwork wns irregular and appeared broken 
up and tho number of nuclei wns redneod Hero and tlioro 
hromorrlmgo had taken pinto 


7/ic effect of partial obstruction 

In rats nftci partial obstruction of 2 14 months’ duration 
induced bv nnclastie ligature, t he splcon had u ndorgono considerable 
shrinkage ns compared with tho ncuto stage of congestion scon nt 
laparotomy ono vvcolc after 0 |>erntion Tho capsulo was slightly 
more opacpio than nonnal and tho whole organ had a tabulated 
nppenrnnco Microscopically congostno olinnges wore quite well 
defined Sinus ongorgoment wns most marked in tho subcapsulnr 
and pontrnboculnr rones In tho ponmnlpighian zono tlioro was 
n difiuso ongoigomonl of tho pulp mesh Tho capsulo and trabeeulaj 
woro thickened and Jind caused irrognlnr contraction of tho organ 
Tho mnlpiglunn folholos appeared unaffected oxcopt for a slight 
merenso in tho reticular mesh Aran staining show od slight fibrillary 
mcreaso m tho pulp 

In rabbits killed from 4J-G months after operation there vvas 
littlo splomo enlargement (table) Tho capsule was genorally 
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thickened and more opaque than normal. In some spleens an 
irregular lobulation was seen on the surface Histologically, venous 
congestion was indicated by dilatation of the pulp veins and the 
sinuses at the periphery of the lobule (figs 2 and 3) The trabecular 
veins weie markedly engorged There was an increase in the 
fibrillary reticulum m the pulp around the dilated sinuses and 
pulp veins Thickening of the capsule and trabeculae was qmte 
distinct, and spread of fibiils from the trabeculae into the surroiuiding 
pulp could occasionally be made out Malpighian follicles were 
variable in size , some had undergone atrophy, others were 
unaffected An increase of the lymphoid reticulum of the follicle 
coidd be made out, but tins seemed to be related to a slight general 
increase m the fibrillary meshworlc rather than any definite spread 
from the arterioles On the whole the appearance was suggestive 
of a fibroid atrophy which was compensated by the state of 
distension of the sinuses Pioliferative changes were absent in 
the pulp cords and malpiglnan follicles. The appearance of 
lobulation was due to contraction of the trabeculae 

In rabbits with partial obstruction induced by ckppmg, one 
developed thrombosis of the portal vein and died two weeks after 
the operation The spleen showed venous infarction. In the 
other two the congestive reaction was qmte marked two weeks 
and one month after operation, indicating that some degree of 
portal stasis had developed. The histological changes were similar 
to those induced by partial obstruction by ligature, but capsulo- 
trabecular thickening and fibrosis had not commenced 

In two rats an attempt was made to induce partial obstruction 
by passing a loop round the portal vein and tying it up to the 
under surface of the liver However, both animals developed 
portal thrombosis and died from haemorrhage into the intestine 
The condition of the spleen was one of venous infarction 

Liver changes were slight and inconstant m both rats and 
rabbits 


The effect of portal phlebitis. 

Portal phlebitis was induced m 2 rats by cauterising the vein 
with pure carbolic acid and a strong solution of iodine respectively* 
Four months later, the under surface of the liver and the omentum 
had become matted together to form a thick irregular mass in wluch 
the portal vessels were embedded There was little splenic enlarge- 
ment. Histologically the spleen showed marked capsulo-trabecular 
thickening, with engorgement of the sinuses, pulp veins and 
trabeculnr veins The malpighian follicles shoved little alteration 
I ibnllarv iiwrca^n v as little marked, nor u ere there any changes 
m the malpighian follicles suggestive of “ fibro-adonio ” The liver 
-hover! portal tract infiltration with mononuclear cells and lyniplm* 
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winch Gauclder (1905) described as a “ sclerose hypertrophique 
pulpaire” that characterises splenomegalic cirrhosis The post- 
congestive fibrosis resembles more the “ scldrose atrophique ” 
lcaction and ends in cyanotic atrophy rather than hypertrophy 
Hueck has argued that m peripheral stasis as m obstruction to 
the splenic and poital veins the effect of the collateral circulation 
would be to render the congestion intermittent and so cause 
hypertiophic changes The experimental work of Wicklem and 
Warthin on obstruction to the splemc veins as well as the present 
study of the effects of portal obstruction shows that venous conges- 
tion m the spleen of whatever type is followed by an immediate 
and progressive enlargement which lasts only for a short time and 
is gradually followed by shrinkage and fibrosis Hyperplastic 
reactions do not play any part in the experimental animal after 
portal obstruction On the other hand the later shrinkage of the 
spleen seems to be more related to the gradual atrophy of the pulp 
from compression of the syncytium by the distended vessels and 
the erythrocyte accumulations m the pulp mesh A gradual 
fibrillary increase would also favour shrinkage while the turgidity 
of veins and sinuses and the rigidity of their walls would tend 
to counteract this factor These experiments therefore do not 
support the view that the gross splenomegaly and hyperplastic 
changes which characterise the Banti syndrome axe due to a 
mechanical block m the portal circulation. Some other factor is 
essential to induce proliferative changes m the spleen. 

Summary. 

1 Portal obstruction m rats and rabbits has been induced by 
various operative measures having the effect of narrowong the lumen 
of the portal vein 

2 After complete occlusion of the vein there is a splenic enlarge- 
ment of twice or three times the normal and no more , the condition 
of the spleen is one of venous infarction 

3 After partial obstruction of 3-6 months’ duration there is 
very little splemc enlargement The spleen shows dilatation of the 
sinuses, distension of the pulp and trabecular veins, and a variable 
atrophy of the pulp with slight fibrillary increase Hyperplastic 
reactions arc absent 

4 These experiments do not support, but seem to negative the 
view that the Banli syndrome is due to blockage of the portal vein 

The author’s thanks arc duo to Professor Murray Drennan for his kind 
cntici'.m and to Dr J. R Cameron for assistance m the use of pituitary clips 
in two of those operations The work was supported by a grant from the 
Ikirl of Mornj Fund of Edinburgh University. 
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Colonies about 1 mm in. diameter are produced on the surface 
uf agar or blood agar plates On the latter the zone of haemolysis 
is v, ell marked on first isolation from an infected animal, but 
gradually diminishes m subculture, bemg eventually reduced to 
about half it s original dimensions The colonies can be distinguished 
fiom those of pneumococci by the absence of autolysis and from 
tho'-e of haemolytic streptococci recentlj* isolated from liuman 
infections by their slightly larger size, as svell as by the fact that 
on repeated subculture they show no tendency to differentiate into 
rough a ml smooth foims (fig 4) Cultures are easily kept nine 
and virulent when subeultured at weekly intervals on agar slopes 
and in tubes of broth alternately The oiganism shows a remarkable 
tendency to grow le*=s abundantly and eventually to die out when 
maintained either in fluid or solid medium alone After 104 
passages the morphological and cultural characters were unchanged 
and the organism was still virulent for mice In the dried spleen 
of a mouse dead of the infection the organism can be kept alive and 
\ indent for at least eighteen months 


Fermentation reactions. 

1 Ik were tested m 4xt inch tubes containing See of casein digest 
broth (cluco-e-frce) with Andrade's indicator and 1 per cent of all carbo- 
h\drat«" except glueo«o and dulcitol which w’ere used in concentrations 
of 0 3 per cent Tho tubes were inoculated with a loopful of a 12 hours’ 
culture from an near «lopc and incubated at 37° C for six days, when final 
readings were tnnde Good growth took place m all tubes overnight The 
final pH in glueo-i broth w as determined In the use of appropriate indicators 
(bromple nol blue and clilorplienol red) and buffer solutions of known jili 
H\droly-i-' of sodium lnppurate was tested for by the technique of Ajcrs 
nnd Rupp (1022). 

A* kl (without gas) was produced in glucose, lactose, sucrose 
trehalose and saltern, while there was no fermentation of mannitol 
dulcitol sorbitol or mulin The final pH in glucose broth was 3*S. 
Sodium luppuratc was hydrolysed 


Ila mohjsin production 

The production of hannolysm m fluid culture was investigated 
by the procedure of McLeod (11*14*1 >) and Channon and Mcl/’od 
It was found that the maximum amount of luemoly-au 
va= pre nt in a rulture after 12-18 hours’ incubation (tabic I) 
Thi-pomt is chiefly significant m relation to a finding reported 
by Griffith in hts study of the Xcufcld strain He noted that the 
Xenli *d and \\ ntno-f !k r * trims were identical m then serologH il 
' !l w.'ic-ir'r- and inch siniUT***' .or mice Tlie only difference between 
tl in, * . * ill..* tolonie* of the IVamo-rher strain caused the larger 
t >.!<• of !y-t* on a blood agar plate Rogirdmg the production of 
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lucmolysm m fluid media by the Noufeld strain ho states, “ A soluble 
Iisemolysin is formed m broth cultures of Aronson N incubated for 
2i hours , its activity is increased if the culture is allowed to stand 
at 100 m tomporature for 3 days ” He does not give details of 
method This finding is in marked contrast to those recorded m 
table I and suggests that tho two strains are not m all respects 
identical 

Table I 


Hwmobjain litre of culture m 20 per cent ox serum broth 
at different periods of growth 


Period of Incubation 

Minimal haemolytic dose 

0 hours at 37® C 

0 

12 

15 

18 

21 

24 „ , 

24 hours at 37° +24 hours at 22® C 

24 hours at 37° +48 hours at 22° C 

0 1 c c 

0 05 , 

0 025 „ 

0 01 

0 01 

01 

0 1 

0 1 

Haemolysis of about 25 per cent of 
cells with 0 26 c c 


Minimal Juemolytic dose = smallest amount of culture required to produce 
completo lysis of 0 6 c c of a 3 per cent suspension of red blood cells in 2 hours 
at 37° C 


Diffusibility of the Iwemohjsin Hsemolysm produced by this 
streptococcus differs in one important particular also from that 
produced by strains of lisemolytic streptococci which have been 
isolated from human lesions As noted by McLeod and many 
others suoh streptococci secrete a luemolysin which is very diffusible 
and roadily filterable Only Lyall (1914) has recorded any difficulty 
in separating Iisemolysin from organisms He tested only one of 
lus strains Cowan (1922) found that cultures which grow with 
much deposit of the organisms at the foot of the tube required to 
be well shaken before tho hfemolysm was obtained apart from the 
organisms Actively haemolytic cultures of Aronson's streptococcus 
have been repeatedly centrifuged at different speeds and for varying 
lengths of time On no occasion has the supernatant fluid been 
found to contain more than one tenth of the amount of hiemolysm 
found in the whole culture If, however, the organisms in tho 
centrifuged deposit were shaken up with fresh broth or serum 
broth, tho suspension was almost as actively hiemolytic as the 
original (table II) The result was different if saline or peptone 
water was used to re-suspend the organisms A suspension of 
organisms from the Burfiice of an agar slope culture in broth or 
serum broth was not hsmolytic Three cultures of hiemolytic 
streptococci recently isolated from human lesions were tested in tho 

JOUBS or ?1TTI — VQL. XLT1 2 A 2 
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same way In all of them a considerable fiaction of lisemolysin 
was obtained without difficulty in the supernatant fluid (table H) 


Table II. 

Distribution of hccmolysm w centrifuged cultures of (A) Aronson's 
streptococcus and (B) Streptococcus pyogenes from human infection. 


lost material 

Minimal h'crooljtle dose 

Whole culture (A) 

Supernatant fluid (A) 

Organisms suspended in serum broth (A) 
Organisms suspended m snlmo (A) 

Whole culture (B) 

Supernatant fluid (B) 

0 01 c c 

Lysis of about 25 per cent of cells 
with 0 25 c c 

0 025 c c 

Lysis of about 25 per cent, of cells 
with 0 1 c c 

0 023 c c 

0 025 „ 


These results show that the lisemolysin produced in fluid cultuies 
of Aronson’s streptococcus is less diffusible than that produced by 
a typical haemolytic streptococcus from a human lesion Both 
hfemolysms are completely inactivated after heatmg for 15 minutes 
at 5G° C 

Virulence 

Cultures m serum media. Young cultures 6-18 hours old grown 
in 20 per cent ox serum broth always proved highly vmilent for 
mice of 18-22 g weight Allowing for the difference in size of the 
animal they were at least as virulent for the rabbit. Injection of 
1 c c of culture into the peritoneum of guinea-pigs produced no ill 
effects 

During a period of 18 months 87 mice were inoculated with 
amounts of serum broth cultures varying from 0 5 c c of undiluted 
culture to 0*25 c c of culture diluted 1 * 1000 million. Sixty-two 
of these mice received injections of 0*25 c c. of culture diluted 
1 : 1 million or smaller amounts. All these animals died in 18-48 
horns with general septicremia whether the inoculation w r as sub- 
cutaneous or intraperitoneal. The number of organisms in the 
higher dilutions of culture was estimated on six occasions by plate 
methods, and it was found that one or two cocci were sufficient 
to produce a lethal effect Death resulted as rapidly from such 
small doses as after injection of larger amounts of culture. 

Culture i in scrum-frcc media. Aronsons streptococcus differs 
from lucmolvtic streptococci from human infections m that it remains 
i indent for mice even when subcultured frequently in media which 
contain no serum In the present investigation the strain was 
p-iv-od alternately through broth and agar without serum at intervals 
of V7 days It was first used in 19° «nd is still virulent for mice 
after nearly five years From OcU>-»* i 1032 to August 1934 it was 
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subcultured 104 tunes on ordinary agar and broth without serum , 
from September 1934 to October 1935 it was kept m boiled blood 
broth with three subcultures, from October 1935 to July 1937 
it nas once more passed at about weekly intervals (90 subcultures) 
through broth and agar without serum Although BtiU lethal for 
nuco, it is not so highly virulent as serum cultures Intrapentoneal 
injection of 0 25 c c of a 1 1000 dilution of culture without Berum 
is still sufficient to kill mice in 24-48 hours but smaller amounts of 
culture are less regular in their effects Evon after shorter periods, 
cultures which are kept in media without serum become less 
\ indent than cultures kept in dned spleens or in media with serum, 
although their full degree of virulence can be restored by mouse 
passage (three such passages ore sufficient) or culture m media 
containing sorum During a variable period, however, cultures in 
media without serum do retain full virulence 

Grading of virulence As examples of the difficulty wluoh 
attends the uso of the term " minimal letlial dose ” m relation 
to bacterial cultures the following may be quoted 

On 27 10 32 a culturo was made from the heart blood of on infected mouse 
and kept thereafter on broth and agar without serum Botweon 27 10 32 
and 19 4 33 twenty eight subcultures wore made and virulence titrations 
(sec below) earned out with eleven of them, nos 2, 6, 7, 9, IS, 19, 20, 21, 

TABtE in 

Virulence of Aronson s streptococcus tn media containing no serum 


Subculture 

Mice 

Dilution of 
culture 

2.0 

Date 

Inoculated 

Died 

0 

20 11 33 

1 

1 

1 500X10* 



3 

3 

1 5000x10* 

10 

8 1 34 

1 

1 

1 60 V 10* 



1 

1 

l 500X10* 



1 

1 

1 6000X10* 

17 

16 134 

1 


1 100X10* 



1 


1 500X10* 



1 


1 5000X10* 

18 

22134 

i 

2 

1 500X10* 

10 

12 34 

5 

2 

1 6X10* 

«w> 

8 2 34 

4 

vat 

1 1 1000 



3 


1 25 000 



3 

u 

1 600,000 

24 

19 2 34 

3 

IS 

1 10,000 



3 


1 30,000 



3 


1 90 000 



3 


1 180000 



3 

3 

1 300 000 
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24, 25, 28) Thirty -five mice received mtrapentoneal injections of 0 25 c c 
of high dilutions (1 500,000-1 5000 million) and all died of streptococcal 
septicaemia in less than 48 hours Similarly between 20 11 33 and 8 1 34 
the organism, transferred at intervals of 3-4 days, retamed full virulence 
for 16 subcultures in media without serum Subcultures 17, 18, 19, 22 and 
24, however, were of a lower degree of virulence (table HI) This change 
m virulence was not accompanied by any alteration in morphology, colony 
form, fermentation reactions or capacity to produce lisemolysin 

It can be seen from table III that with cultures of less than 
full virulence the natural resistance of the experimental animal 
plays a decisive part in determining the outcome of experimental 
infection An even more striking illustration is that m table IV, 

Table IV 

Irregular effects produced by cultures of intermediate virulence 


House 

Culture dilution 

. 

Time of death 

1 

Undiluted 

24 hours 

2 

1 10 

24 „ 

3 

1 100 

48 „ 

4 

1 1,000 

48 „ 

6 

1 10,000 

6 days 

6 

1 100,000 

S 

7 

1 500,000 

48 hours 

8 

1 500,000 

48 „ 

9 

1 1x10 s 

S 

10 

1 6x10 s 

48 hours 

11 

1 500 x10 s 

S 

12 

1 600 x10 s 

48 hours 


S = survived for 2 months 


where it is shown that mouse 6 survived mtrapentoneal inoculation 
of 5000 times the lethal dose for mouse 12 In this case the strain 
had been subcultured 57 times on media without serum over a 
period of 8 months 

It is therefore clear that with cultures of less than full virulence the 
term minimal lethal dose ” becomes impossible of definition owmg to 
the uncertainty of the result of inoculating a given amount of culture Even 
with cultures of full virulence the true meaning is not easy to define, since in 
these cultures one or two organisms produce a lethal effect and the error in 
sampling from such high dilutions is necessardy considerable To overcome 
ttns difficulty Trevan (1927) has urged the use of the term “ average lethal , 
dose ” in place of “ minimal lethal dose ” “ Average lethal dose ” he defines 
as the smallest amount of the toxic material which will kill 60 per cent of 
tfie test animals within a stated time Morgan and Petne (1933), in testmg 
e e cacj of anti-pneumococcal serum in the protection of mice against 
qQ e< mc° C0CCa ^ cu ^ ures > found it necessary to inoculate anything from 
. mice with each single dilution of culture in order to satisfy themselves 
_' a , ieir results were statistically significant Whde the use of large 
. _ ers 0 J® 8 * 1 animals is necessary to obtain statistically accurate results, 
nnrl °] DV10US ^at °ne culture is much more virulent than another 

esira e to express this without undertaking investigations on so 
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lnrpt> a scale In tha present work virulcnco hns been graded rough!} by tho 
«■“' or 10 mico for each eulturo Tenfold dilutions worn made ranging from 
undiluted eulturo to 1 1000 million, and 0 25 o o of each dilution was 
inoculated into tho peritoneal canty of ono mouso In this way four grades 
of \ iruicnco has o been defined, ns follows 

f till urulcnce All tho animals dio witlnn 3 days of inoculation 
Intermediate ttrulence Animals w Inch reeoito undiluted eulturo and 
dilutions 1 10 and 1 100 dio within 3 days, but somo of those which 
rtceiso weaker dilutions either survive or dio after 3 days 

Low unilencc Undiluted eulturo and dilutions 1 10 and 1 100 nro 
uncertain m their lethal effect 

It indent All mico survive No eulturo has boon called avirulont unless 
it lias been shown that mtropcntononl inoculation with 0 5 and 0 SB oc 
of undiluted eulturo failed to kill at least six mico 

While this grading is noccssarily somewhat arbitrary it dis- 
tinguishes cultures which aro certain in their lethal effects from 
those which aro uncertain Employing thoso terms the virulence 
of Aronson’s streptococcus may ho summarised as follows 

Cultures in scrum broth possess and retain full virulence 
Cultures m media without serum return full virulenoe for a variable 
period (3 6 months) and thereafter acquire intermediate virulence, 
but no furthor fall m virulence results oven up to two years Such 
cultures aro morphologically and culturally indistinguishable from 
those of full virulonco 

Induced variations in Aronson’s streptococcus 
Among streptococci isolated from human infections, variations 
of colony form occur, as a rule, spontaneously and cultures can be 
roadily dissociated into rough (R) and smooth (S) variants of 
different virulence by selection of colonies alone (Cowan, 1922, 
1923, 1924, Todd, 1927, 1928, Eagles, 1928, Andreues, 1928, 
Androwes and Clinstio, 1932) In a given oulture either the R 
form is virulent and tho S anrulont or vice versa According to 
Andrewos and Cluistio the R forms of streptococci are more speoific 
m their agglutination reactions than the S forms Numerous 
attempts wore made by selection alone to obtain on R vanant 
of Aronson’s streptococcus from the S colonies, but the organism 
was found to differ from other streptococci m that it could not bo 
dissooiatod in this way It appeared of importance therefore to 
determine whether procedures Bimilar to those used to obtain R 
pneumococci would produce R variants Nakamura oxposed 
cultures of a virulent streptococcus to the action in vitro of a 
1 25,000 solution of trypaflovm for ponods of f-I hour and found 
that this procedure decreased the virulence for mice Nakamura 
used “ hoohvirulent Streptococcus Aronson” butvgave no other 
particulars of the culture either bofore or after treatment with 
trypaflavm 
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Technique A batch of ordinary nutrient broth and agar was prepared 
in the usual way One-tenth of this was set aside for control The remainder 
was used to prepare media containing various concentrations of acriflavino 
ranging from 1 12,500 to 1 1 million by the addition of suitable quantities 
of a 1 1000 solution The media thus prepared were tubed (broth about 
10 c c , agar about 5 c c ) and sterilised in the autoclave A young agar 
culture was used to inoculate the entire range Growth resulted only in 
the media containing 1 1,000,000 acriflavme This growth was sub- 
cultured mto the entire range and growth now resulted m 1 • 800,000 
acriflavme broth Prom this, and on subsequent occasions from the highest 
concentration in which growth occurred, subcultures were made at intervals 
of a few days The organism was thus mduced to adapt itself gradually 
to increasing amounts of the antiseptic Transfers for this purpose were 
made alternately from broth to agar and from agar to broth and a control 
culture was maintained on the same media without acriflavme No serum 
was used m any of these cultures In the higher concentrations growth was 
often slow at first and large inocula were necessary Finally the organism 
was grown without difficulty m either broth or agar containing 1 25,000 
acriflavme Nmeteen subcultures were required m each instance to carry 
the culture through the various concentrations to that of 1 26,000 Tolerance 
to the antiseptic had thus increased forty times The organism was 
maintained for 65 cultures (9 months) m 1 25,000 acriflavme and m another 
series for 110 subcultures (2 years) m the same medium It could never 
be grown m media containing 1 12,500 acriflavme 

Films of each subculture were examined by the usual stains 
as well as by the eosin method for capsules Cultures were plated 
on ordinary agar and on blood agar and the colonies examined 
under the low power It was found that as the organism became 
adapted to growth m the lower concentrations of acriflavme 
(1 1,000,000-1 * 250,000) numerous colonies with crenated edges 
appeared When subcultured m media without acriflavine, how- 
evei , these reverted rapidly to the appearance of S colonies in, the 
control culture In the higher concentrations (1 100,000-1 * 25,000) 
alterations in colony appearance became more marked Colonies 
appeared which were definitely rough On plating, however, they 
gave rise to both smooth (S) and rough (R) forms (figs 4 and 5) In 
broth culture they frequently showed a mixture of capsulated and 
non-capsulated organisms (fig 3) The length of chain mcreased 
and the growth m broth was chiefly at the bottom of the tube 
in contrast to the even turbidity produced by the control culture 
By repeated selective subculture with picked R colonies growths 
were obtained m which all the colonies were rough and of which 
films showed only very long-chained forms without capsules (fig 2) 
Growth took place entirely at the bottom of broth tubes leaving 
a clear supernatant fluid This procedure of producing an 
acnflanne-resistant strain and deriving from it an R form by 
selective subculture was repeated on three separate occasions 
Virulence of the R variant The R variant when freed m this 
way from all S forms was non- virulent A pure R variant m a 



I io 1 — S form 21 hour broth hir 2 — R \ariant 21 hour broth 
culture 1 Posm fit am for cnpsules culture Eosin stain for capsules 

x 1000 / 1000 



Pie 3 R \anntit 24 hour broth culture Earl} stage of ro\enuon to S form 

Fowi stain for capsules x 1000 




Fro 5 — R colonies on agar plato 
Transmitted light Y 20 
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doso of 0 25 0 5 o o of undiluted culture was mooulated mtra- 
pontoneally into 15 mice, 7 different subcultures being tested 
22 mice received intraperitoncal mooulations of 0 25 o o of tbe 
same subcultures in dilutions ranging from 1 10 to 1 1 million , 
all survived Another pure variant was mooulated over a period 
of 51 months into a total of 46 mice All the animals wero given 

0 25 c c of the undiluted oulturo into the peritoneal oavity and 
all survived It is therefore clear that when grown in media with 

1 25,000 aoriflavme Aronson’s streptococcus gives rise to an R 
form similar in its avirulence, loss of capsule and altered colony 
form to that shown by other workers to arise from pneumococcal 
cultures under the influence of an mlubitory agent 

Essentially similar results liavo been recorded by Griffith with 
the Neufeld strain He obtained his R variant by a combination 
of three procedures — growth in homologous antiserum, growth at 
40° C and selective subculture 

Stability of R variant Apparently one stable R form has been 
produced, since it has now been cultivated for over two years on 
ordinary agar and broth with montldy subcultures and its form 
has not altered On the other hand the first R variant obtained, 
whioh appeared to have been completely purified of S forms after 
10 selective subcultures, showed, six months later, at the 24th 
subculture, the presence of a few capsules (fig 3) in films from a 
broth culture, and after three further subcultures without selection 
this culture became almost completely S in type and returned to 
intermediate virulence Eventually it reverted to a purely S 
culture, but virulence never became full, media without serum 
being used The tendency of the culture to grow in the S form 
was further illustrated by the behaviour of a culture ml* 25,000 
acnflavme whioh was never suboultured by selection of colonies 
After 65 subcultures in 1 25,000 acnflavme broth and agar 
alternately, it showed on plating a ratio of R to S colonies of about 
9 to 1 It was avirulent, as 14 mice survived 0 5 c o of whole 
culture mtrapentoneally At the 84th subculture in 1 26,000 
acnflavme, however, the culture was almost entirely S in type 
and was found to have regained virulence of a low grado, since 
5 out of 7 mice died after intraperitonoal mooulation with 0 25 o o 
of undiluted culture The remarkable natural stability of the 
virulence of this organism is emphasised by this tendency of arti- 
ficially produced avirulent cultures to revert spontaneously toward 
tho grade of virulence possessed by ordinary stock strains on 
artificial media At one end of the scale are the fully virulent 
passaged cultures, at the other the cultures artificially made and 
kept avirulent Betwoen these extremes is an intermediate range 
of virulence to which all forms tend to revert unless special measures 
are adopted to prevent it 
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Antigenic relationship of S and R forms Antisera against both S and 
R forms were obtained by repeated intravenous injection of killed suspensions 
into rabbits For agglutination tests the organisms were grown on casein 
agar slopes for 24 hours at 37° C The growths were then washed off m 
0 45 per cent NaCl With the It organisms it was necessary to employ 
this concentration of NaCl in order to prevent spontaneous agglutination 
and it was also used for the S organisms although they did not spontaneously 
agglutmate m 0 85 per cent NaCl The results were read after 4 hours 
at 56° C 

The S antiserum agglutinated homologous S organisms to a 
titre of 1 160 and R organisms to a titre of 1 40 The R anti- 
serum agglutinated homologous R organisms to a titre of 1 ‘ 40 
but did not agglutmate S organisms at all No agglutinin absorption 
tests were carried out Results similar to these are reported by 
Griffith with the Neufeld strain 

Hcemolysm in R cultures The R avirulent organisms produced 
m serum broth cultures the same amount of hsemolysm as the S 
organisms of full and intermediate virulence On rabbit blood 
agar plates the two types of colony produced equally large zones 
of clearing With this streptococcus therefore there is no correla- 
tion between ability to produce hsemolysm and virulence for mice 
Lancefield (19346) reported that a variant of her streptococcus 
O 90 — the Wamoscher strain — lost the power to produce hsemolysm 
or pigment and yet retamed virulence 

Both R and S strams had the same fermentation reactions, both 
were killed by exposure to 60° C for 10 minutes and both were 
insoluble m bile 

Summary 

1 The results of a study of the Wamoscher strain of Aronson’s 
streptococcus from the Koch Institute, Berlin, are recorded 

2 The hsemolysm produced by this organism appears to be less 
diffusible than that of hsemolytic streptococci from human infections 

3 By adaptation to growth m acriflavine the natural stability 
of this orgamsm in respect of virulence and certain other properties 
has been overcome and R variants have been produced. 

4. These variants are avirulent and non-capsulated and they 
produce rough colonies they are serologically but not biochemically 
distinct from the original S forms, to which they show a marked 
tendency to revert in the earher stages of adaptation 

The photomicrographs are^*~; ' ohn Kirkpatrick to whom I wish 
to express my thanks, as we 1 0 ch Institute, Berlin, 

who kindly supplied the org " . 
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SHORT ARTICLES 

616 — 006 452 618 146 
TWO CASES OF MALIGNANT MUCUS SECRETING 
CYSTADENOMA OF THE CERVIX UTERI 

Mary A Griffin 

From the Department of Pathology, Royal Samaritan Hospital 
for Women » Glasgow 

(Plates XX and XXI) 

Adenocarcinoma of tho cervix uteri is much less common than tho 
squamoii3 type though the incidence in tho reports of different laboratories 
■varies greatly Norm (193C), reviewing the statistics from all countries 
between 1919 and 1930, analysed 9509 cases of cervical cancer and obtained 
an average of 5 7 per cent of glandular adenocarcinoma His own material 
yielded 8 45 per cent over 508 cases (1900 to 1934), and the lowest figures 
were those from the Freiburg Clinic (Keller, 1930) — 1 62 per cent of 310 
cases from 1915 to 1925 Tho highest percentage was that of Bartlett and 
Smith (1931) at the Free Hospital for Women, Boston — 11 7 per cent in 
500 cases between 1875 and 1929, while Ross in tho Mayo Clime (1922) found 
10 1 per cent in 277 cases 

In advanced cases of carcinoma of the cervix it is sometimes difficult 
to determine whether the growth is of glandular or squamous origin, since 
glandular carcinoma may give rise to a solid alveolar type of growth 
Mortzloff (1928), in a senes of 70 coses, showed that in a third of these 
biopsy material was insufficient for classification and to this ho attributed 
tho great variation m the percentages published by different workers 

During tho past 27 years, 749 cases of carcinoma of tho cervix have 
been examined histologically at tho Roy &1 Samaritan Hospital for Women, 
Glasgow , 94 of these were of the glandular typo ( 12 6 per cent ) a proportion 
somewhat higher than that recorded in any of tho senes quoted by Norris 
Among these were two which differed strikingly from tho remainder in 
their histological characters, having tho structure of malignant mucus 
secreting cystadenomata In both cases tho tumours were inoperable 
when the patients first came to hospital , m one a post mortem examination 
was subsequently performed 


Case I 

Clinical history The patient, a woman of 34, had been married for 
twolve years and had had 5 children, tho last bom in December 1933 , 
all were normal spontaneous labours Puborty occurred at tho ago of 15 

/3 4\ 

and since then menstruation had been regular days, and her general 

health was good At the end of April 1936 sho began to suffer from a thick, 
mucoid vaginal discharge which continued until her admission in August 
Tho last regular period was six weeks before admission, and was followed 
379 
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by irregular profuse vaginal bleeding at intervals of one or two weeks, 
although the periods had previously been rather scanty. On" admission 
there was considerable oedema of the legs of several days’ duration, but the 
general condition seemed good 

Vaginal examination revealed a large soft growth infiltrating the cemx 
uteri and portions removed for histological examination had the structure 
of a mucus-secreting cystadenoma 

During most of her stay in hospital the temperature fluctuated between 
101 and 103° F On 7th September 1936 she had a rigor (105° F) and 
thereafter the swelling of the legs, winch had become very marked on the 
right side, disappeared and the general condition improved On 19th October, 
however, the right leg again became swollen and thereafter the general 
condition gradually deteriorated. Death occurred on 11th November 1936 

Post-mortem findings Post mortem, the cervix uteri was seen to he 
replaced by soft, translucent, gelatinous tumour tissue which had produced 
massive enlargement around its entire circumference and enormous elongation 
of the cervical canal which was distended with mucoid secretion The 
growth extended into the vagina and the lower margin had a ragged surface 
where it had been curetted The uterine body, normal in size, was displaced 
upwards by the enlarged cervix and at the mtemal os the tumour was seen 
to be invading the corporeal myometrium, the whole mass being fixed bj 
infiltration of the paracervical tissues The external, internal and common 
iliac lymph glands were invaded by new growth, and the lumbar glands 
extending up to the ccehac axis were much enlarged, some measuring 1X2 ins. 
They were composed entirely of white tumour tissue and the surface was 
much congested The tubes and ovaries showed no abnormality The 
bladder could be separated from the vagina except at one small area where 
the tumour spread through its wall and projected into the vesical cavity 
as a number of soft sessile polypi on the posterior wall The colon was 
distended above the uterus and constricted as it passed behind it, but was 
not invaded by the cervical growth Septic infarcts were found in the spleen 
and m both kidneys Both femoral veins were occluded by thrombus, but 
there was no histological evidence that this was associated with tumorous 
invasion of these vessels The liver was enlarged and showed marked 
fatty change Both lungs were cedematous The heart, which was adipose, 
showed large, recent, friable vegetations on the mitral and aortic valves 
a terminal endocarditis. One vegetation of the mitral valve had a white 
papillary appearance and was 1 cm in diameter. It had the usual histological 
characters Metastases were not present m the liver and lungs 

Microscopical examination Portions of the tumour sent for microscopical 
examination on 4tli August 1936 show a multilocular mucus-secreting 
cystadenoma (fig 1) The large cystic spaces are lined by lugh columnar 
cells and filled with mucoid material which is stained brilliantly by muci- 
carnune The nuclei are situated basally and the inner (superficial) part 
of each cell contains mucus Fine branching processes covered by these 
cells extend into the loculi, the appearances resembling those of pseudo- 
mucinous cystadenoma of the ovary. Inflammatory changes are present 
but the appearances at this time do not seem to indicate malignancy. 
Curettmgs taken on 20th August 1936 have a similar appearance, but a 
specimen obtained two months later (fig 2) shows a less papilliform structure, 
and areas are present where the epithelium has become cuboidal or flattened 
and there is evidence of stromal invasion, the appearances now being highly 
suggestive of malignancy Tlus was confirmed by material from the necropsy , 
portions from the region of the internal os and cervico -vaginal junction 
both showing invasion of the deeper muscular tissues The enlarged lymphatic 
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Plate 201 


iilAxirvANr cysTADnvojtA or cervix 



3? 10 1 — Case I Section of tumour showing high columnar colls covering branching 

processes u Inch project into tho him in a of tho cystic spaces X 105 



Fio 2 — Coso J Section of tumour showing inbicnl mill columnar cells lining tho 
glaml spaces, with stromal in\nston X270 
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by irregular profuse vaginal bleeding at intervals of one or two weeks, 
although the periods had previously been rather scanty On admission 
there was considerable oedema of the legs of several days’ duration, but the 


general condition seemed good 

Vaginal examination revealed a large soft growth infiltrating the cervix 
uteri and portions removed for histological examination had the structure 
of a mucus-secreting cystadenoma 

During most of her stay in hospital the temperature fluctuated between 
101 and 103° V On 7th September 1936 she had a rigor (105° F.) and 
thereafter the swelling of the legs, which had become very marked on the 
right side, disappeared and the general condition unproved On 19th October, 
however, the right leg again became swollen and thereafter the general 
condition gradually deteriorated Death occurred on 11th November 1936. 

Post-mortem findings Post mortem, the cervix uteri was seen to be 
replaced by soft, translucent, gelatinous tumour tissue which had produced 
massive enlargement around its entire circumference and enormous elongation 
of the cervical canal which was distended with mucoid secretion The 
growth extended mto the vagina and the lower margin had a ragged surface 
where it had been curetted The uterine body, normal in size, was displaced 


upwards by the enlarged cervix and at the internal os the tumour was seen 
to be invading the corporeal myometrium, the whole mass bemg fixed bv 
infiltration of the paracei vical tissues The external, internal and common 

iliac lymph glands were invaded by new growth, and the lumbar glands 
extending up to the coeliac axis were much enlarged, some measuring 1x2 ins. 
They were composed entirely of white tumour tissue and the surface was 
much congested The tubes and ovaries showed no abnormality The 
bladder could be separated from the vagma except at one small area where 
the tumour spread through its wall and projected mto the vesical cavity 
as a number of soft sessile polypi on the posterior wall The colon was 
distended above the uterus and constricted as it passed behmd it, but was 
not invaded by the cervical growth Septic infarcts were found in the spleen 
and m both kidneys Both femoral veins were occluded by thrombus, bu 
there was no histological evidence that this was associated with tumorous 
invasion of these vessels The liver was enlarged and showed marke 
fatty change Both lungs were cedematous The heart, which was adipose, 
showed large, recent, friable vegetations on the mitral and aortic valves— 
a terminal endocarditis One vegetation of the mitral valve had a white 
papillary appearance and was 1 cm m diameter It had the usual histologies 


characters Metastases were not present m the liver and lungs 

Microscopical examination Portions of the tumour sent for microscopica 
examination on 4th August 1936 show a multilocular mucus-secretmg 
cystadenoma (fig 1) The large cystic spaces are lined by Ingh columnar 
cells and filled with mucoid material which is stained brilliantly by muci- 
camune The nuclei are situated basally and the inner (superficial) part 
of each cell contains mucus Fine branching processes covered by these 
cells extend mto the loculi, the appearances resemblmg those of pseudo- 
mucinous cystadenoma of the ovary Infl amm atory changes are present 
but the appearances at this time do not seem to indicate malignancy. 
Curettings taken on 20th August 1936 have a similar appearance, but a 
specimen obtained two months later (fig 2) shows a less papilliform structure, 
and areas are present where the epithelium has become cuboidal or flattened 
and there is evidence of stromal invasion, the appearances now bemg highly 
suggestive of malignancy This was confirmed by material from the necropsy* 
portions from the region of the internal os and cervico -vaginal junction 
both showing invasion of the deeper muscular tissues The enlarged lymphatic 
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glands from tlic posterior abdominal mill are roplaood by glandular carcinoma 
in which the papillary architecture is not conspicuous (fig 3) 

Seotions through the bladder at the pomt of invasion show penetration 
of the muscular coat by mucin secreting glands These have given n«o to 
cystic nodules projecting from the submticoso into the lumen of the bladder 
and lined by tall columnar colls with numerous fine papilliform processes 
similar to those in tho earlier curettlngs (fig 4) 


Case IZ 

Clinical history Tho patient, o woman of 42, hod been Blamed for 
21 years and hod had 0 children and 3 miscarriages Five months before 
admission to hospital on 9 11 33 she developed menorrhagia, metrorrhagia 
and vaginal discharge There was no pam but the abdomen gradually 
increased in sire , later, loss of weight and frequency of micturition were 
observed 

On vaginal examination a largo cauliflower like cervical tumour was 
found measuring 3x2 ins The cervical canal was obliterated and the 
growth was judged to bo moporablo A portion was removed for pathological 
examination Tlio microscopical appearances ara similar to those seen in 
tho first specimen from case I Cystic spaces containing mucus and lined 
by columnar cells am present, and branching processes covered bv these 
colls extend into tho cavities of the cysts In places malignant transition is 
noted, where the cells am more culxndnl and nre invading the stroma 

The patient was readmitted on 2 12 33 and 60 mg of radium were 
inserted for five days At this time 10 pints of fluid wore 
the abdomen and a dram was left ,n situ A fiuthor port’m of he tmno u 
removed at this tuno shows unequivoccOevidenco of 

lining the glandular spaces being flattoned or cnboidal while mvasion of the 
stroma « apparent The appearance is that of a ™ ICUS SeCTC S 

cystadenoma Death occurred nt home about sue months later 

Summary 

Two c r of ™rwT^^^ 

dmSig^erepreductivopenod ^ 

and m the other 7 months after the tot P^ dwchMgo WOTa 

menorrhagia, motrorrhaguv and thick m to j lavo begun as 

prominent features In m^anoj 

IZrtl aTrh “L^^ion of adjacent tissues and metastasis 
to the regional lymph nodes 

My thanks are due to Dr John Hewitt for permission to make use of 
tho clinical records 
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glands from the posterior abdominal wall aro replaced by glandular carcinoma 
in which the papillnrv architecture is not conspicuous (fig 3) 

Sections through the bladder nt tlio point of un ftsion show penetration 
of the muscular coat by mucus secreting glands Those have given rise to 
cystic nodules projecting from flic mbmucosa into the lumen of the bladder 
and lined bj tall columnar colls with numerous fine papilliform processes 
similar to those in tho earlier curottings (fig 4) 


Case II 

Chmcal history Tlio patient, a woman of 42, had been married for 
21 yearn and had had 0 children and $ miscarriages Five montlis before 
admission to hospital on 9 II 33 she developed menorrhagia, metrorrhagia 
and vaginal discharge There was no pain but the abdomen gradually 
increased in size , lator, loss of weight and frequency of mieiunlaon were 
obserx ed 

On \agpnal examination a large cauliflower like cervical tumour was 
found measuring 3X2 ms The cervical canal was obliterated and the 
growth was judged to ho inoperable A portion was removed for pathological 
examination The microscopical appearances arc similar to those seen m 
tho first specimen from case I Cystic spaces containing mucus and lined 
by columnar cells ore present, and branching processes covered bj the«e 
cells extend into the cavities of the cysts In places malignant transition is 
noted, whero the cells aro more cuboidal and ox© invading the stroma 

The pationfc was readmitted on 2 12 33 and 80 mg of radium were 
inserted for fi\e days At this tune 16 pints of fluid were removed from 
the abdomen and a dram was left tn situ A further portion of tho tumour 
removed at this time shows unequivocal evidence of mahgpancy, the cells 
lining tho glandular spaces being flattened or ouboidal while invasion of the 
stroma is apparent The appearance is that of a malignant muous secreting 
cystadenoma Heath occurred at homo about six months later 


Summary 

Two cases of malignant mucus secreting cystadenoma of the cervix 
uteri are desenbod Both patients were multipane and the disease occurred 
during the reproductive ponod In one case death followed on© your after, 
and in the other 7 months after the first onset of symptoms, among wJuoh 
menorrhagia, metrorrhagia and thick mucoid vaginal discharge were 
prominent features In each case the neoplasm appears to hme begun as 
a simple muous secreting cystadenoma in which transition to mahgnnncv 
followed, os is shown by extensive invasion of adjacent tissues and metastasis 
to the regional lymph nodes 

3fy thanks are dne to Hr John Hewitt for permission to make use of 
the clinical records 
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PRESERVATION OF COMPLEMENT FOR THE 
WASSERMANN REACTION. 

C A Green 

From the Department of Bacteriology, University of Edinburgh 

Complement, an essential reagent in the Wassermann test, is extremeh 
unstable and rapidly loses its activity when kept under ordinary conditions 
even at 0-5° C In this, as in most laboratories, it has been customary to 
use fresh guinea-pig serum as the source of complement for each set of 
Wassermann tests carried out in one day This has obvious disadvantages 
Samples of complement are variable in hremolytic power and fixabdity 
and this can only be obviated by the pooling of sera from several animals 
entailing considerable wastage as the volume of pooled serum is usually much 
in excess of the day’s requirements Various methods of preservation liaie 
been described, c g refrigeration of the serum at — 15 to — 20° C , desiccation 
of the serum in vacuo and storage m the dry form, the addition of glycerol, 
sodium chloride, sodium acetate, etc The purpose of this note is to draw 
attention to a very simple vet effective method described by Sonnenscliem 
in 1*130 but apparently not well known m this country. 

Method Fresh complement is obtained by severing the neck vessels of 
several guinea-pigs and collecting the blood This is left overnight at 0° C 
and the serum separated To a given volume of serum is added an equal 
\ olume of the following mixture. 

Sodium acetate 12 g 

Bono acid . 4 g 

Sterile distilled water to 100 c c. 

The mixture is stored at 4° C 

Complement preserved by this method has been tested in parallel with 
fresh complement over a period of three years in this laboratory with 
satisfactory results and lias now been adopted for the routine Wassermann 
tests At first difficulty was expenenced m that preserved complement 
stored in large bulk in a single container from winch successive days’ 
requirements were drawn was found to undergo progressive deterioration 
in luemolytic power Tins was prevented by storing in each container a 
i olume just m excess of that required for one day’s tests The value of 
the method can be appreciated by reference to the following details of 
preparation and use of one sample 

Froservcd complement no 6 This lot consisted of the pooled 
=ora, total volume lob c c , from 20 guinea-pigs, the M H D of the undiluted 
fresh serum being 0 008 c c An equal volume, 1 e 156 c c , of the preserving 
mixture was added and the bulk then divided into 13 c c volumes in 24 
■vaccine bottles A fresh bottle was opened each successive week for the 
routine Wassermann reactions, the M H D being as follows 


DaU 

MHD (c c ) 1 

Date 

MHD(cc) 

Date 

MHD (cr) 

17 2 37 

0 008 | 

14.4 37 

0 008 

9 6 37 

0 008 

24 2 37 

0 007 1 

21 4 37 

0 009 

16 6 37 

0 007 

3 3 37 

0 000 , 

28 4 37 

0 007 

23 6 37 

0 007 

10 3 37 

0 007 

5 5 37 

0 000 

10 8 37 

0 007 

17 3 37 

0 000 s 

13 5 37 

0 00 s 

18 8 37 

0 007 

24 3 37 

0 007 ' 

10 5 37 

0 008 1 

25 8 37 

0 007 

3 4 37 

0 (W»S 

20 5 37 

0 008 ! 

1.9.37 

0 008 

7 4 37 

0 00S 

2 0 37 

0 000 1 

8 9 37 

0 008 
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In this instance there sasco loss in haemolytic power after 7 months 
Several samples have now been tested after preservation for 12 months 
with oqnally satisfactory results It will be noted that the MHD of 
batch no B was not constant but fluctuated obout the mean 0 00S c c 
This was found to be due to variation m the ease with which the corpuscles 
in tho hrcmolytic system were lysed, as the MHD of a numbor of preserved 
complements, tested together over a period of sot oral weeks, showed a 
simultaneous rise or fall 

Apart from tho advantage of securing uniformity of complement tho 
method is cxccodmgly simple and is most economical in time and expense 
Weekly killing is avoided, as is all wastage of serum With preserved 
complement always available, the Wassermonn reaction can be sot up at 
short notice if urgently required Further, small laboratories may now 
dispense with keeping guinea pigs specially for tho supply of fresh complement 
and instead dem e their supplies of preserved complement from some central 
source 
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THE EFFECT OF SERUM MALTASE ON FERMENTATION TESTS 
WITH GONOCOCCI 

Catherine B Hendry 

Department of Bacteriology, University of Liverpool 

It has been the custom in theso laboratories to use 5 per cent indicated 
horse serum nutnent agar as a substrate for testing the formentation reactions 
of the Gram negative cocci This medium appeared to bo satisfactory for 
meningococci but with tho gonococcus, using glucose, maltoso and sucroso 
as test carbohydrates, one of two results was obtained Eithor growth was 
absent or scanty and nono of tho throe sugars was fermented, or growth 
was adequate but both glucose and maltose were formented Tho first 
result is not surprising, as horse sorum agar is a poor substrate for tho 
gonococcus The second result, howover, is irregular and has formed tho 
subject of this investigation Ab thero was no acid production in the sucroso 
tubes, it seemed proboblo that the fermentation of maltoso was duo to 
prel imina ry hydrolysis by some constituent of tlio medium In order to 
determine whether this constituent was present in the added serum or in 
the nutrient agar, the following media were prepared * — 

I Infusion agar 

U „ + 6 per cent horse serum (indicated) 

m Peptone agar (no meat infusion) 

I\r „ „ „ 4* 5 per cent horse serum (unhoated) 

To theso were added Andrade’s indicator and 1 per cont of glucose, 
maltoso or sucroso and slopes were inoculated with Bad dysenteries (Shiga), 
as tins organism fennonts glucose and not maltose and grows readily on 
simple media Acid was produced from glucose and maltoso m media II 
and IV and from glucoso onlj in media I and III , sucroso was unchanged 
m all four media It was evident from this result that unheated horso 
serum is able to hjdroljso maltose, presumnblj because it contains an 
enzyme, and further experiments with gonococci were made in order to 
joirax or mth —von. xvn 2 is 2 
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determine which of the other sera m common laboratory use contain tins 
enzyme and the effect upon it of heat 


The action of different animal sera toon maltose 
Technique 

The basal nutrient agar used throughout these experiments was prepared 
according to the method of Wright (1933, 1934) Andrade’s indicator 
was added m bulk to the agar which was then tubed in 5 c c quantities and 
sterilised in the autoclave at 10 lb pressure for ten minu tes Maltose was 
prepared as a 5 per cent solution m distilled water, sterilised by Seitz 
filtration and added to the melted agar — cooled to 40-50° G . — in the proportion 
of 1 c c to 5 c c of agar The maltose solution, if not used immediately 
after preparation, was stored in the ice chest 

The seia were sterilised, when necessary, by Seitz filtration and stored 
in the ice chest With the exception of the horse serum, which was supplied 
by Messrs Burroughs Wellcome and Co Ltd , all were obtained from clotted 
blood For use 0 26 c c of serum was added to 5 c c of maltose agar in 
6x|- inch tubes The medium was then well mixed and sloped and was 
used the same day or after storage overnight in the ice chest In ah 
experiments control media were mcluded containing 1 c c of distilled water 
in place of the maltose to check the absence of fermentable carbohydrate 
in the serum All experiments were done m duphcate 

Considerable difficulty was experienced in obtaining good growth with 
freshly isolated gonococcus strains on serum agar, particularly with horse 
serum This was finally obviated by using a tluck suspension in broth of 
a 24-hour blood agar culture Of this a loopful was planted on the serum 
medium and the tubes were closed with rubber caps which were left in 
position for 24 or 48 hours and then removed In most cases a satisfactory 
growth was thus obtained It is not yet known whether the virtue of the 
rubber cap lies m the retention of moisture or of small amounts of COj, 
or both That CO z is produced m the closed tubes is evidenced by the 
development of a pink colour in the medium which disappears on further 
incubation, after the removal of the caps, from all tubes in which no fermenta- 
tion has taken place 

All experiments were carried out at 37° C After the 1st or 2nd day, 
the caps were removed from the tubes and incubation continued until the 
5th day, when the final readings were taken All the gonococci tested 
(nine strains) were obtained from cases of acute gonorrhoea It is quite 
certain that these strains were non-maltose fermenters and that the fermenta- 
tion observed m certain maltose-containing media was due to a preliminary 
hydrolysis of the maltose 


Hydrolysis of maltose by unheated sera 

Sera- from different species Unheated sera from five different species 
were tested, namely human, rabbit, sheep, horse and ox, and four strains 
gavo a satisfactory growth on all five serum media Acid was produced 
from maltose m the presence of sheep, horse and ox serum but no fermentation 
occurred with human and rabbit serum 

Sera from different individuals Unheated sera from six different horses 
a norma ) and six different rabbits (three normal and three injected with 
e ^°, S ^ >1 f ro | 'were tested to determine whether the action upon maltose was 
A r , h6S t , tw ° s P eoies strains were tested in each case 

s pro uced from maltose m the presence of the horse sera whereas 
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no fermontation occurred in tho presence of the rabbit sera In addition, 
as many workors use ascitic fluid in carboliy drato media for the gonococcus’ 
samples of ascitic fluid were obtained from three different patients and 
incorporated m 5 per cent and 30 per cent concentration in maltose agar 
Two strains wero tested on these media and no acid production occurred 

The effect of heat on the activity of scrum maltose 

Unheeded sheep, horse nnd ok sera beha\e as if they contain a maltose , 
it was considered desirable to test tho effect of heat on this actnity To' 
avoid technical difficulties arising from coagulation of tho scrum at high 
temperatures tho heated serum modia ^ero prepared by adding 5 por cent 
indicated serum to nutrient agar and subsequently heating in a water bath 
to the required temperature Tho maltose solution was added to the scrum 
agar after heating to avoid decomposition 

Heating to 55° C for half an hour Three strains wore tested on sheep, 
horse and ox serum media (a) indicated, and (6) heated to 66® C for half an 
hour Acid was produced from maltose in both sets of media 

Heating to 100 ® C for five minutes Throe strains wore tested on sheep, 
horse and ox serum media (a) unheated, and (6) heated to 100® C for five 
minutes Acid was produced from maltose in the unheated scrum medio 
but no fermentation occurred m tho heated 

Healing to 55®, 65° and 75® C for i, 1, 2 and 4 hours Horse serum was 
the only serum tested It was found that four hours' heating at 55® C 
had little or no effect on tho activity of the horse serum but two hours' 
heating at 65® C and half an hour at 75° C appeared to inactivate tho scrum 
maltose With regard to tho heated sera it must bo noted that, although 
the inactivation of tho enzyme brought about by certain degrees of boating 
is considerable it is probably not oomploto The results gn en wero obtained 
with the gonococcus ns tost organism but two experiments marfo with 
Bad dysenteries (Sluga) on sheep, horse and ox serum heated to 100® C 
for five minutes showed slight acid production in somo of tho tubes Sluga's 
bacillus is a moro active fermenter than most strains of gonococci and 
probably detects traces of hydrolysed maltose which aro insufficient m 
amount to givo measurable acid production with tho gonococcus 

Discussion” 

The presence of a maltose splitting enzyme in certain animal sem was 
known to Hiss (1901 05, p 330) who says, when discussing tho preparation 
of beef serum water, “ Gly cogen is rendilv acted upon by tho dmstoso 
of tho blood, and subsequently by tho maltose, if tho propamtion bo not 
rapidly camod on or tho scrum water hooted previous to its addition*' 
The only direct reference so far found to difficulties caused by this activity 
m work with gonococci is that of Roslier (1936) who states that “ many 
strains " of gonococcus produce acid from maltose in tho prescnco of homo 
serum 

In spite of the irregular results obtained with maltose m somo of tho 
early in\ estigations (Wollstem, 1007, Gurd, 1908, Arkwright, 1909, 
Watabtki , J90DJ only one of theso workers used a medium which undoubtedly 
contained nn active serum maltose Tins was Wntabiki, who tested H 
strains of gonococci in carbohydrate peptone water containing 50 per cent 
horse serum heated to 65 60° C for 40 minutes and found that they till 
fermented maltose Tho fact that this maltasic activity of certain sera 
seems to ha\o been o\ erlooked in this connection until recently (Kosher) 
can only bo attributed to tho preference of most workers with gonococci 
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for fermentation media containing enrichment fluids from which the enzyme 
is absent or in winch it has been fortuitously inactivated Thus human 
serum was used by Martin (1910-11) and Tulloch (1922) and ascitic fluid by 
Dunn and Gordon (1905), Elser and Huntoon (1909), Torrey and Bucltell 
(1922), Anderson, Schultz and Stem (1923), Lentz and Schafer (1936) and 
Cohn (1936) Cole and Lloyd’s fermentation medium (1916-17) was prepared 
with sheep blood but this was coagulated by steaming for one hour, a process 
which would certainly inactivate the maltase originally present Similarly 
Cohn used a modified Levmthal agar containing, in addition to ascitic fluid, 
defibrmated beef blood coagulated by steammg for ten minutes and Ins 
strains produced no acid from maltose Lentz and Schafer, whde obtaining 
regular results with ascitic fluid medium, found that m the presence of white 
of egg the gonococcus fermented maltose and Isevulose as well as glucose 

In this investigation the practical value of rabbit serum agar as a basal 
substrate for gonococcus fermentation tests has become very apparent In 
addition to lacking the maltose -splitting enzyme, rabbit serum favours the 
growth of the gonococcus and seems to be preferable in this respect to 
human serum It is not, however, warranted to draw conclusions as to 
the relative nutrient value of different sera from the results obtained in this 
investigation, as the experiments were all made with mass mocula Suffice 
it to say that 5 per cent rabbit serum agar containing 1 per cent of the 
carbohydiate and used m capped tubes as described above has given very 
satisfactory results for routine fermentation tests on the freshly isolated 
strains of gonococci so far exammed 

Summary 

1 Sheep, horse and ox sera contain a maltose-splitting enzyme which 
is apparently absent from rabbit and human sera and from ascitic fluid 

2 Exposure to 55° C for half-an-hour (sheep, horse and ox serum) does 
not decrease the activity of the enzyme, and horse serum heated to 55° C 
foi four hours retains ltfe activity Inactivation is produced at 100° C 
m five minutes (sheep, horse and ox serum), at 75° C in half-an-hour (horse 
serum) or at 65° C in two hours (horse serum) 

3 A medium containing 5 per cent unheated rabbit serum is a suitable 
basis for routine fermentation tests with gonococci 

4 It is advantageous to incubate cultures in tubes sealed with rubbor 
caps for 24-48 hours after inoculation. 

I am indebted to Dr D T. Robinson for assistance in connection with 
certain points in this investigation 
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®coigc Ibenry; jfaHuner UluttaU. 

1862-1937 
{Plate XXII ) 

Nuttall was descended from an old Lancashire family which 
settled m Ireland m 170i His father, Robert Kennedy Nuttall, 
M D (Aberdeon), Trent to Australia but in 1850 migrated to San 
Francisco and practised tliero till 1865 He married A T ng,inUn n 
daughter of John Parrott of San Francisco, and their son George 
was born thore on 5th July 1862 In 1865 the family came to 
Europo and remained there till 1876, the children being educated 
in England, Franco, Germany and Switzerland Nuttall therefore 
spoke several languages and was subsequently perfectly at home 
in foreign countries His knowledge of languages also helped him 
greatly in Ins future work 

Most of the famdy returned to San Francisco m 1876, where 
Ins father died in 1881 Nuttall returned in 1878 and obtained 
the degree of M D of the University of California in 1884 He 
was present m San Francisco at the time of the groat earthquake 
and was enrolled amongst the armed special constables, whose 
mam duty it was to prevent and stop looting He often gave 
graphic accounts of lus experiences at that time 

Hi 1884-85 he travelled with some members of his family for a 
year in Mexico, sometimes by leave of the Government, sometimes 
by leave of the bandits The state of the country is illustrated 
by one of his experiences A little distance outside a largo town 
he saw a group of small wooden crosses and asked what they wore 
“ The graves of some of tho travellers, murdered by bandits ” was 
the answor A little further on was another group of orossns On 
enquiry, the answer was " Those are tho gravos of tho bandits ’’ 
His sister, Zoila (1857-1933), devoted her life to Mexican archeology 
In 1885-86 Nuttall went to tho newly founded Johns Hopkins 
University, Baltimore, and worked at biology under H Nowell 
Martin, who had been one of Huxley’s demonstrators 

In 1886 he went to Gormany and, after spending a few months 
at Breslau, removed to Gottingen where ho remained for four years, 
working under Fluggo Most of his time was devoted to tho study 
of botany and zoology, wluell exerted a predominating mflnenco on 
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his career, for the greater part of his life was devoted to parasitology 
At that time however, there was m progress a hotly debated 
controversy on the causes of immunity and Nuttall took up tins 
question Though it had been shown by Fodor and others that 
bacteria mjected into the blood stream disappeared Nuttall (1888), 
working in Flugge’s Institute, was the first to demonstrate that 
defibrmated blood possessed a considerable bactericidal power 
against anthrax bacilli, and that this power was destroyed by 
heating to 55° C and also disappeared m time For an essay 
based on this work “ A contribution to the study of immunity,” 

- Nuttall leceived the triennial Boylston prize from Harvard 
University This was the first of NuttalTs several pioneer 
researches, which in his own and other hands led to such fruitful 
results The essential facts revealed by Nuttall were confirmed 
and extended by others, and within two years antitoxic immunity 
had been demonstrated by Behring and Kitasato (1890). He 
graduated Ph D at Gottingen in 1890 

After travelling for a year Nuttall returned to Baltimore m 
1891 as assistant to W H Welch, the professor of pathology, and 
m 1892 was made associate in hygiene In 1891 he published the 
first accurate method for estimating the actual number of tubercle 
bacilli m the sputum, as well as a method for moculatmg media 
and animals with known numbers of bacteria In 1892 he published 
m conjunction with Welch a very full account of B aerogenes 
capsulaius now known as B welclm, an orgamsm the importance 
of which as a pathogenic agent was not fully appreciated until the 
Great War. 

In 1892 he visited Havana and was greatly impressed with the 
heavy mortality (25 per cent ) from yellow fever amongst the troops 
sent out from Spam and the relative immuni ty of the native 
population The cause and mode of transmission of the disease 
were then quite unknown 

In March 1893 he again -went to Europe, this time to prepare 
lumself for the professorship of hygiene at Baltimore, wluch had 
been offered to him, but, after meeting his future wife in Dresden, 
he altered lus plans and remained m Germany till 1899 He first 
worked at Gottingen for about a year and then, as a voluntary 
assistant, at the Hygienic Institute, Berlin, under Max Rubnei 
In 1895 he married Paula, daughter of Kammcrherr von Oertzen- 
Ivittendorf of Mecklenburg 

During this period he carried out with Thierfelder (1895-97) 
an important research into the possibility of animal life in the 
absence of bacteria After overcoming many technical difficulties 
they demonstrated that it was possible to bring up guinea-pigs, 
delivered by Cresarean section and kept in a specially devised 
chamber, free from orvntnTTunntinn lit- hnotfirin flmncr +.n fhft 
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groat labour involved the animals Mere kept abvo for two weeks 
onlj, but -wore thon quito healthy In the course of these experi- 
ments it was shown that some of the substances found in the urine 
arise from bacterial activity in the intestinal tract 

In 1890 ho designed his well known thermostat to contain a 
microscope for tho study of bacteria, oto at known temperatures 
In 189/ ho first tumod Ins attention to tho part played b\ 
insects, ticks, oto , m tho spread of disease, and in 1899 published 
Ins well known critical and kistoneal monograph, “On tho rfife 
of insects, arachnids and myriapods as camors m the spread of 
bacterial and parasitic diseases of man and animals 11 At that 
tune tho insect transmission of plague and yellow fever was not 
suspocted, of malaria it was strongly suspected but not convincingly 
demonstrated, but tho relation of mosquitoes to filanasis and of 
ticks to Texas fever m cattle was Imown Very few of the books 
on hygiene oven mentioned tho possible association of insects with 
disease, and Nuttall’s monograph stimulated research, though tho 
widespread importance of the subjeot was not fully appreciated for 
some years 

In 1899 Nuttall was invited to Cambridge by Sir Clifford Allbutt, 
rogius professor of physic, who suggeatod that a teaching post might 
bo created for lum, though he warned him that the stipend of a 
imivorsity lecturer was only £50 a year Nuttall, who had been 
greatly attracted to Cambridge on previous visits, came during 
the long vacation of 1899, and gave a course of lectures on 
baotoriology In 1900 ho was appointed university lecturer in 
baotenology and preventive medicine for a period of fivo years 
and received an honorary M A degree At that time the staff 
of the Department of Pathology consisted of the professor, G Sims 
TVoodhead, and the demonstrator, Strangeways Pigg, who soon 
afterwards changed Ins name to T S P Strangeways The 
department was housed in an old, small and dilapidated hiuldmg 
m which two of the rooms were subdivided by match boarding 
into small research rooms or compartments Nuttall occupied one 
of theso compartments, about 12x7 ft , on the ground floor In 
this small but well lighted room he worked till 1904 and earned out 
some of his best known researches, namely those on procipitins and 
malaria 

He did not discover the preoipitms, but ho very soon realised 
their importance and confirmed and extended the observations 
which had been made (1901) Thon for three years ho worked 
with great diligence on the application, of the precipitin test to the 
relationships amongst vertebrates, and in 1904 brought out his 
classical monograph on “ Blood immunity and blood relationship,” 
in which he clearly demonstrated group reactions amongst tho 
Mammalia and a bond between buds and reptiles Under his 
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supervision the first experiments on the apphcation of the test to 
forensic medicine were also earned out 

In 1900 he became interested in the history of malaria in 
Great Britain, and with others undertook a survey of the distnbution 
of Anopheles in England With the aid of maps, used for the first 
time for showing the distnbution of disease-bearing inseots, he 
demonstrated that three species were widely distributed, but were 
most common in low-lying lands where malaria had been common 
The disappearance of the disease was therefore not due to the 


extinction of Anopheles Then with Shipley he made impoitant 
researches into the structure and biology of Anopheles, constituting 
the most detailed study of its land which had been pubhshed and 
reveahng many new facts 

Erom 1900 to 1906 he lectured on bacteriology to DPH 
candidates and students preparing for the final M B examination 
His teaching was extraoi dinanly stimulating, for he not only spoke 
with a great personal knowledge of his subject, but knew all the 
leading bacteriologists of the time and recounted anecdotes 
illustrating their characters, habits and researches At tea-time 
he joined m all subjects of conversation and often told tales of his 
hunting trips and other experiences 

In 1901 he founded the Journal of Hygiene and edited it till 
his death He was very proud of the Journal and spared no 
trouble in editing As an editor " Not only did he requue honesty, 
he required intelligibility and did much to raise the standard 
of literary workmanship hi medical and biological circles ” 

When the new medical school buildings weie opened in 1904 
Nuttall occupied a moderate sized room on the top floor, where 
he worked till 1907 In 1906, m consideration of “ his services 
to the University and his distinction as a man of science ” he was 


appointed reader in hygiene at a stipend of £260, but only held 
the appointment for a few days, for on 16th October he was elected 
the first Quick professor of biology The regulations relating to 
tins research piofessorslnp unfortunately prohibited further teaching 
of students, and the very small grants towards maintenance and 
assistance hampered him throughout hi s 26 years’ tenure of this 
post, and imposed the necessity for continual begging for funds 
outside the University. 

^^7 the Quick department moved into a large room 
( X 3 / ft ) under the Humphrey Museum This room, which 
le e vided into alcoves by suitably placed cupboards and screens, 
i' tt ? , noisy , uncomfortable and m many other ways unsuitable, 

1991 ere .^ u ^ a ^ worked with great energy and enthusiasm till 
V ma r y on " re d-water ” in animals With the aid of grants 
ho a I C ^ 1 ? n f ’ as as contributions from Ins own stipend, 

is i four paid posts, and all available places m the 
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laboratory wore generally occupied by researoh workers In 1908 
ho foundod Parasitology and edited this journal till 1933, when 
Keilrn took over tko editorship 

In 1901 ho infectod dogs with Piroplasma cams by means of 
adult infected ticks ( Hmmopliysahs leachi ) sent from South Africa 
by Lounsbury — the first case of investigation of a diseaso imported 
by means of on mfooted vector In the following years he worked 
out its mode of multiplication m the living blood, comparod this 
with that of othor species, and attempted to ascertain its life history 
in the tick Experiments on drug treatment led to the discovery 
that tiypan blue, which has smeo been used throughout the world, 
was both a preventive and a euro for the deadly piroplasmose 3 of 
dogs, cattle, sheep and horses Ho also w orked on the spirocluetoses 
and on East Coast fever m horses 

111 1908 he published with L E Robinson an important paper 
on the structure of tlio tick, Bamophy salts punctata, and shortly 
afterwards the first fasciculus of his well known monograph on 
“ Ticks ” appeared Work on the classification, biology and disease- 
transmitting capacities of ticks occupied moBt of the rest of his 
professorial career, and he amassed a very fine collection containing 
many types 

In 1909 accommodation for experiments on large animals 
became necessary and m conjunction with the professors of 
pathology and agriculture, Nuttall bought about 25 acres of land 
in the Milton Road and ereoted researoh buddings The land 
and buddings wore conveyed to the University in 1913, and in 
1923 were allocated to the newly established department of animal 
pathology 

During the Great War he turned hiB attention to the louse 
problem, and did much work on the anntomy, biology and relation 
to disease of human lice and on preventive measures against them 
Ho published numerous papers on this subject and wrote the 
Army Council Instruction (19X8) on " Lice, their relation to disease, 
biology and means of combating lousiness among soldiors ” 

Following an appeal for funds by Nuttall in May 1919 Mr and 
Mrs Percy Molteno very generously intimated m October their 
willingness to present to the University a sum of £30,000 for tlio 
purpose of erecting on institute for parasitological research m 
Cambridge This benefaction was gratefully accepted, and m 
1921 the Molteno Institute was opened and the Quick department 
moved into it Here Nuttall continued lus work, but the super- 
vision of the Institute, the direction of researoh and the necessity 
for raising funds to meet the increasing expenses limited lus porsonal 
researches and he published few papors, though ho collected much 
valuable material for further fasciculi, wluoh ho had plannod, on 
ticks 
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In 1931 he resigned the Quick professorship and became emeritus 
professor of biology During Ins tenure of the professorslnp he had 
raised £60,000 and received grants totalling £12,000. In all, 314 
papers had emanated from his laboratory 

Nuttall during his career published more than 200 books and 
papers dealing with several branches of biology, including hygiene, 
bacteriology, immunology, protozoology and parasitology, and 
formed a large and valuable library, most of winch he presented 
to the Institute. Nuttall received many honorary degrees from 
foreign universities and the Belgian Order of Leopold II and the 
French Order of Commandeur de la Legion d’Honneur He was 
elected F It S in 1904 He was a member of several important 
Government committees and represented the University at many 
congresses In 1932 he was presented by bis colleagues and pupils 
with Ins portrait m oils by de Lazl6. 

Nuttall was a most enthusiastic, conscientious and industrious 
worker, and the gift of recogmsmg the potentialities of observations 
of apparently httle importance made him a pioneer in several lines 
of work. After his election to the Quick professorship he ceaselessly 
advocated the importance of parasitology, but he encountered much 
prejudice and indifference and had a hard struggle to establish the 
Molteno Institute He had, however, the pleasure of seeing para- 
sitology recognised and properly taught as an important part of the 
pubhc health and tropical medicine diplomas, and of knowing the 
high repute in which his department was held both at home and 
abroad. 

Nuttall was alert in Ins movements, eager and vivacious m his 
talk, and kind, courteous and considerate to all He had a 
charming manner and wmnmg smile and was most loyal to his 
friends. He was singularly modest and regarded the many 
distinctions conferred upon him as recognition of his subject 
rather than of himself, and his knowledge of several languages 
enabled him to make innumerable friends m many countries 
He was an excellent draughtsman with a great interest in art, 
and had a considerable knowledge of heraldry and gardening 
An original member of the Society, Nuttall was elected an 
honorary member in 1933, a distinction of which he was highly 
appreciative 

He died suddenly (16th December) on the eve of a dinner to be 
given in his honour on his retirement from his long and successful 
editorship of the Journal of Hygiene. 

His wife died in 1922 , he is survived by two sons and a daughter 
The photograph reproduced on plate XXII was taken m 1936. 

G S. G.-S. 



BOOKS RECEIVED 


Physiological chemistry o! the bile 

By Hahh\ Sobotha I ondon Bailh&rc, Tindall A Cox 1937 
Pp xn and 202 , 4 text figs 13s 6d 

Most renders of this monograph will feel that, in spito of its 
undoubted value, it suffers from a gravo omission, it is a work on 
tho bile without any treatment of the subject of the bile pigments 
In the preface the author explains this omission bj saying that tho 
chemistry and physiologj of the biliary pigments was excluded, as 
it (sie) could not be treated adequate!} without an extensive exposition 
of the phjsiologj of tho blood pigments as well as the chemistxy of 
pyrrol derivatives** Yet tlio “biochemistry of cholesterol has been 
included to that extent which was justified by virtue of its occurrence 
m the bilmrv secretion ** Surelj this reasoning applies with at least 
equal forco to the bilo pigments 

In spite of this omission however, tho book will be welcomed by 
all who have any special interest in tho bile It contains a wealth of 
information and a bibliography of somo twelve hundred references 
Nor is it a mero catalogue the subject matter is both well arranged 
and readable A number of minor errors and omissions suggest hurried 
revision and there is excessive use of alternative terms, but these 
faults do not detract from tho essential value of the book, nor conceal 
tlio industry which has gone to its making 


Practical methods m biochemistry 

By Foedouck C Koch Second edition London Bailhftre, Tindall 
A Cox 1037 Pp ix and 302 , 18 text figs 103 

Tins hook, intended for medical students, gives a course of practical 
work m bioohcmistry in a clear and well arranged manner In somo 
respects it goes beyond the requirements of tho ordinarj medical 
undergraduate, for whom tho course might with nd\ ant ago undergo 
a certain amount of pruning by Ins teacher Tins is no detriment to 
tho book as a whole, since it increases its value to readers other than 
those referred to , the clinical biochemist for example will find its 
wide selection of tests and analytical methods of distinct usefulness 

The work is practical throughout, and makes no attempt to interpret 
tho significance of tlio results of blood and urino analysis from tho 
clinical or pathological standpoint Its elaun to comprehensiveness 
is marred by certain omissions Thus there is no reference to the 
chemistry of tho cerebrospinal fluid, the focces or concretions, and no 
methods are given for tho determination of phosphatase or diastase 
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The avitaminoses The chemical, clinical and pathological aspects 
o£ the vitamin deficiency diseases B P6ClS 

TmdauTcof IvP’ p* G “ T D ^ ldorf L ^don Bailherc, 
3 text figs li. PP “ and 338 * 49 fi 6* « 29 plates and 

auWs Thc mtam ™ manual, written 
most of tlio ^T; mS a , , S ° mewhat Afferent scope from that of 
Jn the present vnlnm* +i^ pu kbsbed on fbe subjeot of the vitamins 
resulting from Tr>,idT° th ° pat ' 5l0 °gical changes and clinical symptoms 
1 ho chem^noit ° r /r re **** ° f deficien °y form the mam theme, 
and occum-imr nnf ° f ^f Vltnmms being kept rather m tho background 
associated JSh A J"*® t ^ an , a quarfcer of the tex *- The tissue clianges 
tle«ci ibed in eon id ? . °^ f no ^ °f *be better known vitamins are 
panhs Snecinl"’ ° dctai nnd aro illustrated by excellent photo* 
Srh stair J IT??™ 15 lQld ° n the lcsions ^ich occur m tho 
purpose of’coiw! dpficie " cies The cluneal sections fulfil tho doublo 
syndromes and nf ^ adable accounts of -well recognised deficiency 
dietary deficient* ! ‘ ai ™S attention to less well established states of 
conceit E h T 1 th r° " tamn * may OT «* bo intimately 
Of tho cliemJn n 8 1 1 P j*r ° f arrangement 13 « 3 Allows An account 

r T 1 functlons of each TOamin * followed V « 

vitamin The histn^T'^ i Symptorns caused by gross deficiency of tho 
then described and r^I c h an S es associated with such deficiency aro 
thc deficiency to m ^ * ie posSlb ^ c relation of milder grades of 

with diotarl Vault S at ? not xuuvcrsn «y regarded os connected 

nro dovotei ! Short sections at the end of tho hook 

estimating the deeren° f °f assa y«ig ^temuw and to clinical tests for 
A table is also in ~i„ i °i sa<wat,lon °f ^be body with vitamins A and C. 
common foods ° C eiVmg t lQ amounts of the vitamins present in 

of time from ^notl*! 8 "i** 1 n Sl, bjcct which has grown m a short space 
m\ estimation it is hn^ J * ( T tke most popular fields of medical 
observations and to lUl b° difficult to pick out thc most significant 
On the iholc ttse rr fairly th0 credlt for important advances, 
skill. If the i eader * ° U tl<?S lRV0 b ecn overcome with considerable 
or t; 0 httleVroJ ir, 801 ” 0 /™^ apfc *o ™ndor whether too much 
"ill find a short b,hi\ J ° 0I \ ^' d ° n somc particular piece of work, ho 
some of the v O „ rc0s * '* at tl10 cnd of each chapter indicatmg 

based It is n ni tv tlmt l orm ® tlon on "hich tho writers’ views arc 
spelling of phosphorus ns '«° U k ° nnoying B,1 P S sucfl ns tho repented 
uncorrected, for on the i Phosphorous” liavo been allowed to go 
class of readable books ° ° ^ 5 °° k xnH 130 found to belong to the 
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f'i ni- of students and Jl object 1ms been to “ coxer the require 
max not Ik prunanh* clmm p, .°f ^bo^e research workers xxliose interests 
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v },.,-h th, nro VnJnmg ” m, Tt nnfl r) r micnl nnturD of th " 
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bacteriologists will have tho greatest sympathy and particularly those 
whoso duties include the teaching of bacteriology to non medical 
students or whoso researches lead thorn, perhaps inadequately equipped 
with chemical knowledge and technique, into some of tho most difficult 
fields of chemical study Tho last few years have seen a most healthy 
and profitable incursion by tho chemist into tho field of microbiology , 
an invasion which lias been profitable to both chemistry and micro 
biology and whoso ond is not yet Anything thorefore which tends 
to interest tho chemist in our bacteriological problems is to be applauded 
and this \ ohune should certainly do that for the student of chemistry 
It is an introduction to tho subject, presuming a certain amount of 
knowledge of organic chemistry and of bacteriology and co\ertng a 
\ery wido field in romarknbly small compass 

Part I (50 pp ) deals with general consideration such as pH, oxidation 
reduction potentials, colloids, erwymes and the chemical composition 
of bacteria, yeasts and fungi Part II (161 pp J is concerned broadly 
with bacterial metabolism, tho growth requirements of various types, 
certain physiological activities and tho results thereof, industrial 
applications and finally the pocuhar constituents of various lands found 
in bacteria Then follow two short chapters on unmuno chemistry 
and a very brief ono on chemical methods 

Much of tho information contained in this v olume can only bo got 
with great difficulty from original sources, and many workers will be 
grateful for its compilation in this handy form For those who want 
more, references are given to more elaborate monograplis One feels 
that theso lists might woll have been extended and the student guided 
to tho originals Indeed tlio references are perhaps the least satisfactory 
part of tho book and it is to be hoped tlioy will be supplemented in a 
second edition The last chapter too is m a very larval form and if 
not extended by detailed descriptions of methods might woll bo 
supplemented by references to accounts of tried and approvod methods 
Ono notes a fow misprints, “ C xorose ** (p 71), “ et aha ” (p 178) 
and “ polysaachandes ” (p 220), and there is a certain picturosqucness 
about the statement that nitrogen fixation has been known “from 
tune immemorial ” (p 111) It seems hardly accurate to say that 
ammonium phosphate is a good sourco of nitrogen for all microorganisms 
except Vtbno cholera (p 108) or that the pneumococcus, meningococcus 
and gonococcus belong to the Bcemophilua group (p 71) The state 
ments on pp 220 and 231 about tho action of formalin on antigens are 
sufficiently contradictory to confuso the student and to requiro 
elaboration These and one or two grammatical errors (p 70, line 28) 
are minor blemishes in a work which, within the limits set himself 
by tho author, is both welcome and competent 


The microscope theory and practice 

By Conrad Beck London R & J Beck, Ltd 1038 Pp 284 , 
217 text figs 7s Gd 

It is not often tliat a hook on the microscope is written by ono who 
has intimate knowledge of its mechanical and optical construction and 
yet is sufficiently interested m its uso to master tho necessary 
manipulative technique Mr Conrad Beck has these combined 
qualifications, to which lus book bears testimony on every page 
Actually it is a new edition of lus two previous books on tho same 
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■subject, one of which was elementary, the other advanced The volumo 
now noticed is not more in bulk than either of its predecessors, but 
drastic rovision has enabled the author to convey more information 
without loss of value , mdeed, it has resulted in an increase of lucid 
information for the general reader The chapter on geometric optics 
is of interest, but is not essential for an adequate working knowledge 
of tlio use of the microscope in any branch of medicine Chapter HI 
on aperture and resolution is perhaps the most useful section, as it 
conveys the information without which no microscope user is likely 
to get the best results Interpretation is the essence of all observations 
with the microscope, and tins depends on accurate adjustment of the 
optical components with which the observations are made Chapter IV 
is liaidly less important , it mcludes a description of work upon a 
subject that the author has made particularly Ins own Much of this 
chapter is deioted to original observations It is not always easy 
reading for those unfamiliar with optical principles, but no one need bo 
afraid of it , much will be gamed from even a partial appreciation of 
the cxppiunental results described Chapter V is devoted to illumination 
and technique, matters which may be regarded as the basis of accurate 
observation Unless regard is paid to illumination and to the accurate 
ccntration of each part of the illuminating system, it is not possiblo 
to secure that close resemblance of image to object on which all observa- 
tions with the microscope are dependent. Later chapters are devoted 
to a description of typical microscopes, mainly those produced by 
Messrs R & J Beck, Ltd , together with interesting accounts of the 
apparatus used for ultraviolet microscopy, and on the use of polarised 
light The book may be commended to those wishing to secure a 
sound working knowledge of the principles and practice of microscopy 

J E B 


A monograph on veins 

By Kenneth J Franklin London Bailhere, Tindall & Cox 1937 
Pp xxn and 410 , 45 text figs and a frontispiece 27s 

In this monograph Dr Franklin sets out to summarise wliflt is 
known of the anatomy, embryology (by Mr Keith Richardson), 
physiology, pharmacology 7 and pathology of veins He lias been 
stimulated to do this because, as he says, “ the solo large part of tlio 
circulatory system, which has not yet received its proper sharo of 
attention is the venous sy'stem " When the reader, after traversing 
350 pnges of text, is confronted with 54 pages of references, lie may 
wonder whether this statement is strictly accurate , nevertheless it is 
probably true to say that, there has been a tendency m the past to 
undcr-cstimato the importance of tlio veins in maintaining the circulation 
Monographs are chiefly of value when, by developing a thesis, they 
stimulate thought nnd research on a chosen subject ; and when, by 
accumulating nnd arranging scattered but mter-rclatcd work, they' 
net ns works of reference To some extent Dr Franklin’s work fniK m 
mth of these objects The chief physiological importance of the \eins 
^ ,cir capacity to accommodate large nnd variable amounts 
o uood and thus to influence the inflow to, and output of, the heart i 
ronv thine of their function in this respect is known but much remains 
o h rh'covcred, particularly in adding precision to our ideas One 
mu: it t nnk that this would make a simple motif around winch the book 
cow u jo con-trnetod, but though Dr Franklin reviews tlio question of 
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blood reservoirs in chapter VI, the reader has to wait for 90 pages until 
in chapter XIII the heart and \ enous return arc dealt with m the spsce 
of 5 pages As a work of reference Dr Franklin's monograph is moro 
successful but here again it would have been of much greater value 
had it been better arranged and the writing moro concise and precise 
One example of faulty arrangement has been cited A second mav 
bo chosen from chapter VII where on pp 99 103 tho author considers 
tho function of tho rctia mirebiliA found in certain diving mammals 
not till the final paragraph does he indicate wlmt the roto mirabilc is, 
and oven then the description is bo imperfect that the ro\ lewt-r was 
forced to consult an independent work before tho argument becamo 
at all intelligible A third mnj be ohoson from the three chapters 
entitled “Veins and the nervous sjotom," where we find considered 
subjects winch are unrelated to the nervous 8 j stem, such ns tho reactions 
of tlit veins to mechanical stimuli and changes of temperature, and of 
the v oins, livt r and spleen to \ anous chemical agents Another criticism 
of the work is that the author attempts to deal with aspects of tho 
subject with wluch lie is not familiar Tims chapter XXII, ontitlcd 
“ Clinical, * w an account of the pntliologj of veins which in many 
respects is so trivial that it would have been better omitted These 
are the chief faults of tho book and the} are faults which can bo 
eliminated with care But tin monograph 1ms its virtues too Thus 
it is attractivolj bound and printed and tho illustrations are chosen 
and reproduced well In it-, preparation it is evident that Dr Franklin 
has read widelv nnd those who are interested in his subject will bo 
grateful to bun for gathering together for tho first tune in ft volume 
m tho English language a comprehensive summary of wlmt 1ms been 
written on veins 

American medicine , expert testimony out of oourt 

Edited bj Esnrrn Evtmrrr bArr New York The American 
Foundation 1937 Pp Ixxn and 1435 {two volumes) S3 50 

This ls a very detailed cnquii} undertaken b> the Amcnemi 
Foundation as to whether tho population as a whole is receiving 
"adequate medical care' And if not, whj not? It is n laborious 
publication in two bulk} volumes compiled from the information 
supplied bj questionnaire Two sections of the medical profession have 
been consulted (i) tho«e m practice for over twenty veare, and (ii) those 
who have graduated for not more than five 3 ears The contributors 
are named but thoir names nro not attached to the various rpt* 
from the ma«s of replies 

All aspects of medical prnct 100 are dealt w nli general and fljiecmhst 
practice team work hospitals state service public health etc Tho 
defects in medical education are nho exhausted} reviewed nnd many 
suggestions for modification and improvement are made flare is no 
doubt that it is a mine of informing opinions about the rnathra dealt 
with and will doubtless be stimulating and 11* fill to nil would Ik* 
reformers in matters connected with the pmettce or xncdtcim whether 
the} bo doctor* statesmen or even — mav it lw stud ? — cranks Whether 
such usefulness will be commensurate with tho labour of compilation 
must at best be doubtful there is the furl lit r imeerimniv a* to wbrtJi. r 
the sources of tlio material nit the ino«t reliable and practical that 
could lx obtained To most renders I think the volumes will npjx u! 
ns the dicuonan did to tho man di*co\< red nvudl} n rnling it ** I think 
the stone* on vm mu resting but thtv arc rather short ” 

V H M T 
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Recent advances m pathology 

By Geoitbey Haefield and Lawrence P. Garrod Third edition 
London J & A Churchill 1938 Pp xn and 420 , 153 figs on 
48 plates, 18 text figs 15s 

The third edition of this invaluable vade mecum appears after an 
interval of four years Changes have been extensive, and little mom 
than half of the previous text remains Two chapters and five sections 
have disappeared and new chapters have been added on resistance to 
infection (mcludmg a discussion of the nature and significance of 
bacterial allergy) and on reticulosis and the reticulo-sarcomata The 
chapters on deficiency diseases and on cancer have been subjected to 
extensive alteration, and those on experimental cancer research have 
been largely rewritten A bold attempt has been made to review, m 
four pages, the present position of the cancer problem as a whole The 
authors aie critical of the varus hypothesis as apphed to mammalian 
tumours “ it remains broadly true that, although a certain very 
restricted class of tumour can be produced by an agent separable from 
its cells, the whole range of ma mm alian malignant growths has steadily 
lefused to betray its possession of such an agent. No amount of 
mgemous argument can explain this away there must be some radical 
difference between the filtrable fowl tumours and growths in mammals ” 
They suggest, as a working alternative hypothesis, that “ malignant 
disease is not setiologically a single entity at all, but a type of reaction 
to a variety of stimuh, usually chemical and possibly sometimes microbic 
That this reaction is irreversible may well be due to the altered properties 
of the cell itself, and does not necessarily prove the continued presence 
in it of an extraneous agent.” 

The chapter on the respiratory system mcludes an excellent review 
of the present state of knowledge of silicosis and allied diseases, though 
the typical “ asbestosis body ” is wrongly described as consisting of 
“ a bulbous extremity, a tapering body composed of a senes of discs 
with rounded margins, and a slender tail ” (reviewer’s italics) Tails 
when present are due to fracture 

Extensive additions have also been made m connection with the 
subjects of gastntis, the relationship between gastro -intestinal functions 
and anaemia and disorders of the adrenal and pituitary glands 

The authors’ chief aim has been “ to deal fully with a restricted 
range of those subjects whose study has made important progress 
At the same time they have felt it necessary to retain certain chapters 
on subjects in which there has been comparatively little change m 
order to avoid losmg balance and to prevent the volume from becoming 
a series of isolated essays The authors are certainly to be congratulated 
on a very successful achievement The book will continue to be of the 
greatest value to teachers and students of pathology alike, and to all 
those members of our profession who desire, without undue labour, to 
keep abreast of present-day pathological research 


Handbook of practical bacteriology 

By T J . Maokxe and J E McCartney Fifth edition Edinburgh 
E and S Livingstone 1938 Pp xi and 586, a few text figs 12s 6d 

Three-and-a-half years ago we offered a warm welcome to the fourth 
edition of Mackie and McCartney (this Journal, 1934, xxxix 543), and 
we find the new edition equally deserving of our commendation It 
novv attains the status of a «* Handbook ” instead of an “ Introduction ” 
an it lias increased its stature by eighty-two pages 
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THE PATHOGENESIS OF PULMONARY SCHISTO- 
SOMIASIS IN EGYPT WITH SPECIAL REFER- 
ENCE TO AYERZA’S DISEASE 

A F Bernard Shaw and A Anon Ghareed 
From the Department of Pathology of the Egyptian Unicemtv, Cairo 

(Plates XXIEt -XXXV ) 

It has been estimated that 60-70 per cent of tho 14} million 
inhabitants of Egypt, of whom about 80 poi cent are agricultural 
workers or fellahoon, are infected with schistosomiasis Since 
Bilharz discovered the cause in 1851, tills disease has been tho 
subject of mtonsivo study in all its aspocts and not least as regards 
tho lesions m the various organs It lias boon known for mans 
years that bdhnrzial ova may bo found m the lungs but tho frequency 
and importance of this complication Imo hardly jot received 
recognition It will bo shown in this paper that 111 at Joist 
33 por cent of cases of bilharzml infoction thoro is pulmonan 
mvolvomont, and that in 2 por cont tbeso lesions are tho immediate 
enuso of death Of tho throo sohistosomo worms parasitic in man 
only S haematobium and S mansom occur in Egjqit 

Material 

This consists of 282 autopsies on oases of sclustosomin-is ndmitti d to 
llio TJmvorsit} hospital (Knsr cl Ami) AI 1011 I 80 per cent of thesi pit lent* 
<liod of other causes than bilhamnsis 

Methods 

At autopsj practicnllj nil tho organs weio in>poctcd anti examined 
nucroscopicnlh hut onlj tlio changes winch hoar upon tho pulmonan lesions 
tiro included here In interpreting the lesions m the limes tiie routin' m> thod 
of oponine those organs is important Tho bronchus and its two tin iwon- 
jocrv or writ —tot. aim SOI >0 
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are cut open with scissors, the knife laid m the floor and the organ divided 
from lulus to periphery The bronchi and vessels are thus exposed parallel 
to their long axes and the histological sections conform with this A block 
for microscopical examination was taken from each lung and in special 
cases multiple blocks parallel with and transverse to the vessels were secured 
Of the lungs alone neaily 900 sections were studied To identify the species 
of ova in the lungs, pieces were macerated in 3 per cent KOH For other 
organs material was scraped from the cut surface In our experience the 
species of ova can rarely be determined m sections The ovum measures 
150 x 60 g, and as identification depends on the position of the spme it is 
obvious that m sections of the ordinary thickness the chances are all against 
the spine of a particular ovum bemg visible in a given section Moreover 
shrinking often produces appearances m the shell simulating a spme 

In studying the reactions of the tissues to the ova it would be valuable 
to distinguish a hving ovum from one which has recently died At present 
this is impossible, as the only criteria of death are calcification or destruction 
of the contents of the shell by giant cells, events which occur long after the 
death of the embryo 

Photomicrographs of bilharzial lesions are often unsatisfactory, partly 
due to differential shrinking, which leaves a space round the ovum, partly 
to the chitmous shell, which causes the ovum to be tom from its bed by 
the microtome Calcified ova are especially liable to be dislodged and 
carried into situations where their presence may be misinterpreted 


Structure, habits and effects of the parasites in 

RELATION TO PULMONARY INFECTION 

The male worm of S hcematobium is about 15 mm long by 1 min 
broad , the female, usually carried in the gynsecophonc canal of 
the male, is about 20 x 0 25 mm The worms of S mansoni are 
rather smaller Both species are strict intravenous parasites and 
are attached to the wall of the vein by two suckers Migration 
along the vessel wall is also effected by the suckers Worms which 
lose their hold become emboh S haematobium has the greater 
egg-laying capacity In each species the elliptical ovum measures 
on an average 150 X 60 ja The ovum of S hcematobium has a 
short terminal spme , m S mansoni the spme is lateral and about 
20 [x long. The shell consists of chitin and when mature contains 
an embryo (miracidium) with two glands opening by ducts at the 
cephalic end The ova are deposited intravenously within the 
smallest venule which the female can reach and then pass into the 
tissues If they fail to escape from the body they eventually die 
and calcify Ova which fail to engage in the vessel wall become 
emboh S hcematobium inhabits the vesical, ureteric and prostatic 
venous plexuses and deposits its ova m these organs S mansoni 
iays its ova m the colon and rectum One species may trespass 
on the domam of the other * In Egypt, double and mixed infections 

^ ls department we define a double infection as one m which both species 
resent m the body but confined to their respective territories, a mixed infection 
one in which both species occur m the same organ 
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are cut open with scissors, the knife laid in the floor and the organ divided 
from lulus to periphery The bronchi and vessels are thus exposed parallel 
to their long axes and the histological sections conform with this A block 
for microscopical examination was taken from each lung and in special 
cases multiple blocks parallel with and transverse to the vessels were secured 
Of the lungs alone nearly 900 sections were studied To identify the species 
of ova m the lungs, pieces were macerated in 3 per cent KOH. For other 
organs material was scraped from the cut surface. In our experience the 
species of ova can rarely be determined in sections The ovum measures 
150x60 ix, and as identification depends on the position of the spine it is 
obvious that m sections of the ordinary thickness the chances are all against 
the spine of a particular ovum being visible in a given section Moreover 
shrinking often produces appearances in the shell simulating a spine 

In studying the reactions of the tissues to the ova it would be valuable 
to distinguish a living ovum from one which has recently died At present 
this is impossible, as the only criteria of death are calcification or destruction 
of the contents of the shell by giant cells, events which occur long after the 
death of the embryo 

Photomicrographs of bilharzial lesions are often unsatisfactory, partly 
due to differential shr inkin g, which leaves a space round the ovum, partly 
to the chitinous shell, which causes the ovum to be tom from its bed by 
the microtome Calcified ova are especially liable to be dislodged and 
carried into situations where their presence may be misinterpreted 


Structure, habits and effects of the parasites in 

RELATION TO PULMONARY INFECTION 

The male worm of S haematobium is about 15 mm long by 1 nun 
broad , the female, usually carried m the gynsecophoric canal ol 
the male, is about 20 x 0 25 mm The worms of S mansom are 
rather smaller Both species are strict intravenous parasites and 
are attached to the wall of the vein by two suckers Migration 
along the vessel wall is also effected by the suckers Worms which 
lose their hold become emboli S haematobium has the greater 
egg-laying capacity In each species the elliptical ovum measures 
on an average 150 x 60 \x The ovum of S haematobium has a 
short terminal spme , in. S mansom the spine is lateral and about 
20 [x long. The shell consists of chitm and when mature contains 
an embiyo (miracidium) with two glands opening by ducts at the 
cephalic end The ova are deposited intravenously within the 
smallest venule which the female can reach and then pass into the 
tissues If they fail to escape from the body they eventually die 
and calcify Ova which fail to engage in the vessel wall become 
emboli S. haematobium inhabits the vesical, ureteric and prostatic 
venous plexuses and deposits its ova in these organs S mansom 
lays its ova in the colon and rectum One species may trespass 
on the domain of the other * In Egypt, double and mixed infections 

* In tlua department we define a double infection as one in a hich both species 
are present in the body but confined to their respect i\ e territories, a mixed infection 
one in winch both species occur in tile same organ 
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Prevention of Sepsis in the 
Post-Mortem Room 

i 

Strong post-mortem gloves, not too thick, should be 
worn, and should be thoroughly cleansed, sterilised and 
dried immediately after use Great care should be taken 
to ensure that there are no holes A convement way is 
to fill them with water, twist the wrist portion round 
until it is closed off and then, by pressure, test for pin- 
holes The same result may be achieved by air pressure 
after the gloves have been dried in this case the glove 
should be turned about close to the face while pressure 
is exerted on the contained air 

II 

It is inadvisable to perform autopsies when there are 
recent cuts or scratches on the hands In case of necessity, 
a protective covering of collodion may be used 

III 

The greatest danger of all, and the one chiefly 
responsible for serious and fatal infections, is pricking the 
finger If during an autopsy the pathologist should prick 
himself however slightly whether with the knife or on a 
jagged bone or tooth, even if he is m doubt whether 
he has been pricked at all, it is his duty to stop at once , 
remove his glove and make the wound bleed by digital 
compression causing congestion, by centrifugal force 
(swinging the arm), by sucking and by putting the hand 
in hot water There should not be a minute’s delay in 
carrying out these procedures, and the autopsy should, 
if possible, be completed by someone else 


Copies of this leaflet may be obtained from Oliver & Boyd, 
g8 Great Russell Street, London, or Tweeddale Court, Edinburgh, 
at die following rates 
50 copies post fiee 6/6 

100 „ ,, 10/6 

250 „ „ 21/- 
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especially in massive and repeated infections of the tissues and are 
suggestive of an allergic 1 eaction In other instances ova, apparently 
living, excite no cellulai lesponse Only tubercle formation is 
described in the literature The conditions which decide the 
vanous responses can only be elucidated by experimental methods 
and when more is known of the humoral state, but on the histo- 
logical evidence we incline to the view that size 6f dose, exogenous 
and endogenous reinfection, nnmumty and allergy determine the 
type of reaction m a maimer comparable to what Rich and 
McCoidock (1929) have found m tuberculosis 

Pulmonary lesions 
A. Lesions due to ova. 

The frequency of pulmonary mfection in Egypt has never been 
estimated Ova of both species were found by Dew (1923) in 
47 autopsies on Egyptians He gives no figures but leaves the 
impiession that the condition is rare 

In our series the lungs weie involved in 95 out of 282 cases 
(33 per cent ) Of these, 36 cases were chosen for identification 
of species It will be seen (table I) that S haematobium and 

Table I. 

Species of ova piesent m the lungs m 36 cases of pulmonary schistosomiasis 


Species 

No of cases 

Per cent 

iSf haematobium 

21 

58 3 

S mansoni 

11 

30 6 

Mixed 

4 

11 1 


In all, 69 4 per cent were infected with S haematobium, 41 7 per cent with 
S mansoni This difference (27 7 ±9 7) is significant 

S mansoni can both infect the lungs, the former being significantly 
the moie frequent, while mixed infections are uncommon As 
for vanous reasons the material was selected, the figures cannot 
be consideied as accurately expiessmg the relative frequency of 
mfection Similai lesults were obtained by Turnei (1909) ni 
South African natives with unnai y billiaizia, S haematobium ova 
being found m 50 per cent 

The loute by which the ova reach the lungs from the portal 
and systemic veins is discussed below, but they enter the pulmonary 
arteries as emboli We have never found them m the veins nor 
aie they deposited in situ by the worms In these respects the 
lungs differ from other organs The numbei of ova is of primary 
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•whole, ancl we have never seen areas of interstitial pneumonia 
attributable to bilharzia, even m massive infection, as described 
by Manson (1929) 

In only one case in this series was an ovum seen free m the 
lumen of an artery and no ova were observed in the act of passing 
through the vessel wall This is not surprising m view of the 
paucity of ova and the small area of tissue examined Moreover 
embolic ova are only evident if in transit just before death Day 
(1936-37) is of the opmion that the ova can reach the alveolar 
capillaries and readily escape into the air sacs We are unable 
to confirm tins In most tissues the average diameter of the 
capillaries is 5-10 /a and there is no evidence that it differs greatly 
m different organs Even assuming the pulmonary capillaries are 
twice this diameter it would be impossible for ova to enter them 
It is true that ova occur free m the air sacs, especially in massive 
infection and when calcified, but as already stated they have been 
dislodged from the tissues in sectioning In this connection the 
question arises as to whether ova appear in the sputum Byam 
and Archibald (1923) state they may be found in severe infestation 
with S. haematobium, while Pijper (1934) found the same species 
once in a case of pulmonary tuberculosis Silveira (1936) found 
ova in a few cases of S mansom infection It is clear then that 
ova are unlikely to appear m the sputum and this accords with the 
essentially vascular origin of the lesions 

2 Focal arterial lesions 

Six cases fall within this group In addition to numerous 
parenchymatous tubercles these cases are characterised by arteriolar 
lesions focally distributed so that serial sections were necessary to 
demonstrate them in any number 

Case 1 

Hale, aged 20 Died of bilharziasis and terminal bronchopneumonia 

Autopsy Brown atrophy of heart (160 g ) without hypertrophy of right 
ventricle Intestines and peritoneum the site of severe bilharziasis due to 
& mansom Liver (1250 g ) shows typical bilharzial cirrhosis , ascites , 
spleen enlarged (500 g ) , pancreas cirrhotic Bladder and prostate healthy 
and negative for ova 

Lungs Ova of S mansom present On section numerous firm grey 18 * 1 ' 
wlnto bilharzial tubercles distributed uniformly over the surface 

Histology Hany of the parenchymatous tubercles show necrosis , healed 
tubercles are scanty Free embolic ova are piesent m some artenoles of 
about 50 y. diameter (fig 6) and some have become impacted, producing a 
localised acute necrotising arteriolitis ■with destruction of the media Tho 
ovum may then be covered by endothelium while the subendothelial tissuo 
and media are converted into a swollen hyaline mass of necrotic debris stain* 
mg stiongly with eosin (fig 7) A few pyknotic nuclei are present but there 
i* no tubcrclo formation Tho adventitia is infiltrated with mononuclear 
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at tin. level of the iespnntoiy bronchioles No angeiomatoids. A fur 
larger ai tone-, show medial hypertrophy and chffuso mtunal hjlierpla.su 
without u duplication of the mteinal elastic lamina (fig. 10). 

Case 5 

Malt*, aged 32 Death due to pulmonaiy embolism. 

Autopsy H< ait (200 g ) shows brown atrophy , no hypertroplij* of right 
vmtiicle >st \ t*r(* billiar/iasis of mtcstmo duo to S mansom and of bladder 
and uu ter-, fiom S haematobium Livei (1750 g) and pancieas cirrliotio 
and spleen enlarged (310 g ) 

Lungs contain S haematobium ova onlj* . no gioss change 

Histology Mujontv of tubercles healed There are a few embohe 
in a Inn no acute aitenolai lesions. A numbei of the arterioles are occluded 
oi nariowed and there me a fow small angeiomatoids Proximal to the- 
occhisi\e It sions and angeiomatoids the aiteiioles show mediul hypeitrophj. 


Case 6 

Malt, agt d 30 Patient died from double pj r oncplnosis sccondaij to 
bilh.u/i d carcinoma of the bladder 

. 1 utopsy He ui t not hj perti opined (230 g ) Liv ei ( 1 100 g ) shows brown 
aiiophj but no cnrhosLs Spleen not onhuged (200 g ) Colon shghtlj bil* 
hui/iul .S' hacmaatobiuin o\a present in tho ureteis, bluddei and prostate 

Lnng-t t out a in ova of S haematobium only no gios-s abnormality. 

Histology There are numerous ova, mostly calcified, lying m old scar- 
Rcc. nt tubercles «cantj Embohe ova and acute artci lohtis absent All 
vu-eul.tr lesions apparently healed and consist of occludetl arteriole-, and 
ang« lomutoids. Tho latter aio moie numerous, laigei nncl oldei than m 
tho otln r casts There* is no muscle in tho wall, which consist- of collagen 
criclo-iiig several cavernous blood spaces (fig 11), and tho enteung urtcnolo 
shows uu dial hjpertrophj Some of the huger muscular ait erics aio abo 
hj [k rti opined 

Discussion. 


Vascular lesions of the type illustrated, by these cases aio not 
ill su died m tho liteiatiuo of schistosomiasis and constitute, 
believe, a now observation They are always associated with 
sovue somatic bilhariinsis, which provides the soiuco for numcious 
ova to enter the pulmonary aiteiy Eithci S luemalobiuvi or 
.V hum -,/jiii may be icspoiisiblo It is eleai that emboli of ova must 
amve at dillerent peiioiL, as shown by tho various ages of the 
lesions, and frequently they are in tiansit shoitly before death 
In some tases embolism has not occuued foi some tune, all 
le-ions being healed impaction of the ovum occurs at tho leu‘1 
oi the respiratory bronchiole, wheio the lumen of tho artoiy i-s small 
enough to aiicst it The immediate elfect is an acute necrotismif 


■ ir! ’ S1 '»luis with destruction of the ultima and media ui the vicinity- 
lb* ovum embeds itself m the swollen necrotic tissue, the tollul« ir 
:• action is negligible and the bieach in the ultima is quickly covered 
'•J * mint ht Hunt Migration through tho coats of the arteiwk 
apjH vrs. to be dm* to tlie ne< rot i -ring a< turn of tho ovum. .ifiUttd 
i *< doubt by th. tlumu-i of the vessel wall, and it is only when -‘»i 
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Plate XXV 


7 — Cose 1 Acute necrotiaing artenolitis duo to ovum of S. tnansom Adjacent 
to the vessel is a bronchiole The ovum is covered by swollen endothelium 
wlulo the lntima and media are converted mto a hyahne necrotic mass The 
ndv entitia is infiltrated with mononuclear colls Noto that tho spine of the 
ovum points in tho opposite direction to tho lino of egress A giant tell 
representing part of an oxtravoscular tuborclo is seen on tho right, distal to the 
vessel y 213 


8 — Case 1 A largo artenolo showing necrosis of tho ultima and media over 
which the bwollcn endothelium is unbioken. There is no thrombosis Tho 
adventitia is infiltrated with tells Tlio ovum is not present in this section 


•1 — Case 2 Obliterative artenolitis There is fibrocollular thickening of tho 
mtima und tlio sumo tissue fills tho gap m the media at tho upper polo of tho 
ve-aol. In the adventitia is slight cellular infiltration Tho ovum is no ^ 
pic -cut as it has become oxtravascular ' 200 
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Case 7. 

Male, aged 18 Died 'with congestive heart failure, anasarca and oscitea 

Autopsy Old splenectomy scar. All viscera show chronic passu o 
congestion Heart 430 g , right auricle and ventricle greatly dilated and 
hypertrophied, left ventricle 1 7 cm thick Mam pulmonary artery and all 
valves normal Liver (1800 g ) attached to diaphragm by vascular adhesions , 
advanced billiarzial cirrhosis (Esophageal veins varicose Pancreas cir- 
rhotic Diffuse bilharzial infil tration of large mtestme due to iS mansoni 
Bladder, ureters and seminal vesicles slightly bilharzial Many ova m liver, 
pancreas, ureters, bladder and seminal vesicles 

Lungs contam only S mansoni ova 

Histology No emphysema Although there is typical chrome passive 
congestion and recent escape of red cells mto the alveoli the prussian blue 
leaction is not given Parenchymatous tubercles abundant the majority 
are recent but show very httle necrosis The few calcified ova present are 
heavily impregnated with iron and enclosed m healed tubercles Neither 
embolic ova nor acute lesions are found m otherwise normal vessels 1 e 
most striking changes are due to the arterial lesions, which are diffuse v 
distributed, though some vessels have escaped infection Extensive 
obliterative arteriohtis, the lesions bemg m various stages of healing 6 
causative ovum is rarely present, havmg migrated to an extravascular »ite 
However m some of these vessels there is evidence of reinfection,* an ovum 
being embedded m the thickened mtrma, surrounded by polymorphs an 
histiocytes and producing a severe necrosis without formation of a tuberc e 
The swelling produced by this reaction further reduces the lumen of w 
vessel Thrombosis absent. In other arterioles reinfection has le 0 
complete occlusion of the lumen, which is filled with fibrocellulai tissue 
canalised by capillaries while the media has entirely disappeared Proximo 
to this the vessel shows hypertrophy and where it enters the lesion 10 
media ends abruptly Angeiomatoids are numerous and mostly > 

consisting of capillary-like spaces The larger (fig 14), which may attain 
450 p in diameter, are ovoid and composed of cavernous spaces between 
which is a young connective or argyrophil tissue At the penphery i» 
more mature connective tissue infiltrated with mononuclear cells an 
representing the original adventitia of the vessel Fragments of the me nj 
may persist between the cavernous spaces Proximal to the angeioma oi 
the artery is greatly hypertrophied but the media stops sharply at the pome 
of entry, the elastica bemg redupheated and frayed out here. Embolic o\a 
may be present in the cavernous spaces and after fixation produce a 
necrotismg lesion of reinfection in the surrounding tissue Owing t° * 
diffuse distribution of the occlusive lesions there is widespread media 
hypertrophy of the larger arteries with collagenous thickening of t 0 
adventitia m which there are no ova. 


Case 8 

Female, aged 12, admitted with epigastric pain of six months’ duration^ 
She died suddenly ten days later after a course of injections of “ Fotiadm 
Clinically she presented a typical picture of congestive heart failure 

Autopsy. Heart 290 g , marked dilatation and hypertrophy of rig 
tentacle (1 0 cm.) which is thicker than the left ventricle (0 7 cm ) Chronic 
passive congestion of viscera No atheroma of pulmonary artery ; all valves 
healthy Liver (1500 g) attached to diaphragm by vascular adhesions, 

* Tho reinfection is mainly if not cxcIumi ely endogenous, the source of the 
being the bilharziugis irx other organs 
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Plate XXVI 


Pig 10 — Case 4 Aitciy showing medial hypeitiopliy and mtimal hyperplasia 
consecutive to occlusive lesions in its arteriolar branches Verhoeff an 
van Gieson x 70 

Pig 11 — Case 6 An angeiomatoid of cavernous typo with fibrous walls devoid 
of muscle At its lower pole is the hypertrophied artery adjacent to w uc i 
is a nest of S hcematobvum ova lying in scar tissue Above the ova is io 
bronchiole covered mth cuboidal epithelium Iron hiematoxylm and van 
Gieson y 90 

Fig 12 — Case 9 S mansoni o\ am fiee in tho lumen of a thickened arteuolc 
The wall consists of thickened intuna and adventitia, the medio has ns 
appealed lion hjomatoxylin and von Gieson X 200 

Fig 1,5 — Case 9 A thickened ailciiolo m which tlieie is no medio, showing a 
necrotic lesion of reinfection due to an ovum of S mansoni Masson’s lnehromo 
stain y 180 




T the upper half of the field arc two cavernous angeiomatoids 
Fio 14 —Casa 7 " , m the branches of a hypertrophied artery In one 

which have a® * ore remnants of the media m the tissue of the other 
angeioniatoia (ng 0 f reinfection containing an ovum of 8 manson t In the 
is a necrotic law ^ small branch from the mam artery is occluded by scar 
left lower qua ^ ^^al to this is canalised Close by is a bilharzial 

tissue at tt3 ° thickened adventitia Iron hsematoxyhn and van Gieson 
tubercle m tne 
x45 
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cudnim of left \ entriclo normal, of right diffusely wluto and opaque from 
bubendothchal fibrosis Xntima of pulmonary artery and its two divisions 
diffusely white duo to intunal fibrosis and covered by yellow nodules of 
atheroma Aorta, free from atlioroma Liver (1300 g) not cirrhotic 
bplotn not enlarged (100 g) Ureters and bladder show bilhareiai 
infiltration No gross intestinal lesions Abundant ova (mostly calcified} 
of j S’ lucmutobium m bladder, ureters, seminal vesicles and intostine No 
ova in Uvtr 

Lunga A pure infection with o\a of S hwmatobium Organs verv 
axlcmatous and congested , no emphysema In middle and lower lobes of 
right lung aro two large h unorrhagic infarcts Primary bronchus of pul 
monary artery dilated and atheromatous and smaller divisions thickened 
and rigid, standing out itko strands of silver wire (fig I0J No perivascular 
tubercle*, nor coultl angciomatoids be detected, although microscopically 
they prow d to bo numerous and largo 

Histology The severe chrome passivo congestion lias not produced 
luemomlerosH except for a few alveolar lustiooytcs giving slight diffuse 
staining This case is essentially one in which tho lesions aro healed and 
tho effects of prolonged vascular obstruction aro in, evidouce Apart from 
n few recent parenchymatous tubercles tho numerous ova are nearly all 
calcified, impregnated with iron and enclosed either m parenchymatous scars 
or m the thickened adventitia of the arteries or tho matrix of angeiomatoids 
Hio alveoli often contam dislodged ova Most of the ova retain their shapo 
but some aro shrunken, distorted and fissured, suggesting dissolution 

There are no acuto lomous and no evidence of recent reinfection, which 
ugreiw with the absence of embolic ova Tho majority of the obstructed 
arteries have been converted into angeiomatoids winch vary greatly in 
bizo and maturity Tho largest may attain 500 p and may bo entirely 
cavernous, though usually of mixed typo with tho capillary vessels in the 
centre and tho cavernous at tlio periphery (fig 23) There is rarely a trace 
of muscle or clastic tissue present and tho adventitia becomes continuous 
with tho thickened outer coat of tho hypertrophied artery Frequently 
calcified ova are embedded between blood spaces and represent the end 
result of earlier reinfections The absence of perivascular tubercles is duo 
to henling, while tho marked collagenous thickening of the adventitia explains 
tho silver wire appearance of the arteries 

Case 12 

Mali, 25 years of age No particulars are available and the patient died 
on tho second day after admission 

Autopsy There is cyanosis and moderate oedema with excess of fluid 
in all the serous cavities All viscera show extreme chrome passive 
congestion Right heart very dilated and right ventricle (1 0 cm thick) 
hypertrophied (fig 24) In right auricular appendix aro two mural thrombi 
Tho left ventricle 1 2 cm thick No valvular lesions Circumference of 
pulmonary orifice 0 6, of aortie 6 2 cm Aorta normal but mam pulmonary 
nrtery shows some atheromatous plaques and microscopically there is diffuse 
fibrillar thickening of intiraa Liver not cirrhotic and spleen not enlarged 
Intestines show no bilharzial lesions and are negativo for ova Ureters 
thickened and narrowed by scar tissue in their distal half, producing a 
moderate degree of hydronephrosis Bladder thickened and contracted, 
mucosa being smooth and rigid from scarring Seminal vesicles enlarged, 
nodular and greatly thickened by scar tissue Moderate number of 
S hccmalobtuin'-ovck m bladder but only one seen in. seminal vesicles and 
nono m ureters Ova all calcified Tho appearances ore typical of healed 
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bilharziasis but the extent and seventy of the lesions aie out of all proportion 
to the number of ova and evidently many of them have disappeared This 
is si gnifi cant as regards the pulmonary changes 

Lungs Several pieces of tissue were macerated but no ova found In 
sections one calcified ovum was seen in an alveolus but was piobably a 
contamination Nevertheless the lesions are almost certainly due to 
S haematobium On section, organs very congested and cedematous but 
no emphysema Everywhere the branches of the pulmonary artery own 
to vessels of 2-3 mm are thickened, rigid and patulous from atheroma 
(fig 25) The smaller vessels appear as silvery white streaks There aro 
no perivascular tubercles and the angeiomatoids are invisible 

Histology Chrome passive congestion marked, alveoli filled wit ui 
m which are some red cells A few alveolar phagocytes contain traces o 
iron This is the most advanced case in the series as the lesions aro a 
healed and the ova have disappeared The parenchymatous tuberces aro 
reduced to scars and ova have not entered the lungs for a long tune a 
majority of the occluded arteries have been converted into angeioma oi s 
which constitute the end result of infection The angeiomatoids are more 
mature than in case 11, and larger, some being 0 5 to 1 mm in eng i 
They consist of large cavernous spaces surrounded by old acellulai co a„en 
Capillary spaces in a fibiocellular matrix are present in some o t iem, 
especially m the centre, but the conversion of these mto the caiernoub 
type can readily be traced (fig 26) The cavernous spaces are in ree 
communication and thin branching fibrous spurs may project into 
cavities, increasing the resemblance to true cavernous angeioma Tlirom osi* 
does not occur although conditions appear favourable Usually tho me i 
of the artery has disappeared but fragments of muscle and elastica m ) 
persist, though, owmg to progressive enlargement of the cavernous spac a, 
they now he within the confines of the angeioipatoid A diffuse fibrosis i 
occuired in the middle coat of the greatly hypertrophied artenes as 
result of the prolonged obstruction to the cii dilation and the tluc on 
adventitia has shrunk with maturation The absence of ova could leasona^jy 
be advanced as a serious objection to the bilhaizial origin of the 
were it not for the fact that in other organs healed lesions, undou 
billiarzial, occur m which it is extremely difficult or impossible to fin oV ^ 
This is true to some extent of the urinary bilharzia in this case Moreove 
tho angeiomatoids appear to be peculiar to pulmonaiy bilharziasis and a 
autopsy four years ago, although we recognised the condition as Ayerza -j 
disease, the angeiomatoids were unfamiliar to us and their nature remain 
obscure until we met with bilharzial infection of tho lungs m earlier stuges 


Discussion. 


Although, there are no statistics on the frequency of non 
bilharzial Ayerza’s disease the affection is an uncommon one, as 
MacCallum (1931) saw only one case m 12,000 necropsies Our 
group constitutes 2*1 per cent of all cases of schistosomiasis anc 
G 3 per cent of the pulmonary cases, figures which are very lng 1 
compared with the rarity of Ayerza’s disease m other countries 
In Egypt, schistosomiasis is obviously the most common oetiologie* 1 
agent, and the few case reports in the literature indicate that 
Ayerza’s disease is probably a common complication wherei or 
bilharziasis is endemic Azmy Bey (1932) reported one case fiom 
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Cairo with atheroma of the pulmonary artery and endartoritis 
obliterans of the smaller vessels with ova m the walls, while Day 
(I93G-J7), in studying the disease from the clinical standpoint, 
confirmed tho diagnosis m one case from material m our department' 
Tho disease lias been recognised in Brazil (Silveira) and Clark and 
Oinef (1935) described the obliterative arteriolar lesions in a Porto 
Rican Only S mansom is ondemio in Brazil and Porto Rico 
Although pulmonary tubercles duo to 8 j apomcum have been 
found by Faust and Meloney (1924) no cases of Ayerza’s disease 
luivo been reported, but we foel tins event may confidently bo 
predicted as tins parasite lias a greater egg laying capacity than 
the other tw o schistosomes and produces lesions (ICatayama disease) 
similar in distribution to S mansom Either S hcematobium or 
<S mansom can cause pulmonary vascular lesions (table II), although 

Table II 


/Species of ora m 1 1 coses of bilharzial pulmonary arteritis 


Vaturo of Ic ion 

■Number 
of cn&cw 

S fuenialobium 

S manioht 

Mixed 

Focal artentia 

6 

o 

3 

1 

A> erza’s discaao 

o* 

2 

3 

0 

Total 

11 

4 

6 

1 


• i vms no 0 In ttliich no o\d Mcro found wm almost certalnlj duo to 3 hamatobtum but Is not 
Included 


in c.ises of double somatic mfeotion only one species may be present 
in tho lungs In none of the cases of Ayorza’s disease had the 
condition been recognised during life When first seen, all of 
them sliow ed the signs of congestive heart failure In cases infeoted 
with S mansom the splenomegaly and hepatic cirrhosis in con- 
junction with heart failure should suggest the possibility of 
pulmonary billiarziasis , but when the somatic and pulmonary 
disease are due to S Jnemalobium the case would present great 
difficulty in diagnosis 

From a pathological standpoint tho group provides a fairly 
complete picture of the senes of events from a relatively acute 
stage to complete heabng The gross appearances of the lungs 
are only specific when ova of reinfection fad to complete their 
migration through the wall of tho thickened vessels and tubercles 
develop, producing penvascular nodules (fig 18) At a later stage 
only the effects of long standing arterial obstruction remain, the 
thickened and atheromatous vessels presenting the same appearance 
as in non-bilharzial Ayerza’s disease (figs 19 and 24) Unfortunately 















PVL VOX A li r SGtllSTOSOMI. ISIS 


■115 


Cairo with atheroma of tho pulmonary artery and endarteritis 
obliterans of tho smaller vcssols with ova in the walls, while Day 
(1010-37), m studying tho disease from tho clinical standpoint, 
confirmed tho diagnosis m ono case from material in our department 
'flic disease has been recognised m Brazil (Sdveira) and Clark and 
Gracf (1935) described tho obliterative arteriolar lesions in a Porto 
Rican Only S mansoiu is cndonuo m Brazil and Porto Bico 
Although pulmonaiy tubercles duo to S japonmm have been 
found by Faust and Jlelenoy (1921) no cases of Ayorza’s disease 
hu\o been roported, but wo feel tins ovent may confidently be 
predicted as tins parasito lias a greater egg-laying capacity than 
tho other two schistosomes and produces lesions (Katayama disease) 
similar in distribution to S mansoiu Either S limmalohum or 
S mansom can cause pulmonary vascular lesions (table II), although 

Tin le II 


Spec its of om m 11 cuscs of biUiarztal pulmonary arteritis 


Nature of lesion 

\uml»cr 

vt CHIC*. 

S hicnialotiium 

3 mantonl 

Mixed 

tin til iirtontis 

6 

1 

3 

1 

\>cnfta’s iliacoBO 

3* 


3 

o 

Total 

11 

* 

6 

1 


• Use no fl In which no o\a wire found wsu almost ccrtalnlj duo to 3 hennatobium but Is not 
Indudol 


in cases of double somatic infection only one species may be present 
in tho lungs In none of tho cases of Ayerza’s disease had the 
condition been recogmsed during life When first seen, all of 
them show ed the signs of congestive heart failure In cases infected 
with S mansoni tho splenomegaly and hepatic cirrhosis in con- 
junction with heart failure should suggest the possibility of 
pulmonary billiarziasis , but when the somatic and pulmonary 
disease are due to S hwmatobmm the case would present great 
difficulty in diagnosis 

From a pathological standpoint tho group provides a fairly 
complete picture of the series of events from a relatively acute 
stage to complete healing The gross appearances of the lungs 
are only specific when ova of reinfeotion fad to complete their 
migration through the wall of the thickened vessels and tubercles 
develop, producing perivascular nodules (fig 18) At a later stage 
only the effects of long stondmg arterial obstruction remain, the 
thickened and atheromatous vessels presenting the same appearance 
as m non-bdharzial Ayerza’s disease (figs 19 and 24) Unfortunately 
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the angeiomatoids, which are a prominent feature in old cases, aie 
invisible in our material 

The atheroma of the pulmonary arteries and the hypertiophy 
of the right ventricle to 1 0 cm or more in thickness (and greatly 
m excess of that ordinarily pioduced by mitral disease) aie a 
response to the increased intrapulmonary blood pressure and do 
not differ from other types of Ayerza’s disease 

The fact that the obstruction to the pulmonary circulation is 
on the arterial side of the capillaries has not prevented the occurrence 
of venous congestion The lungs did not present the rust-brown 
colour of chrome venous congestion produced by obstruction to 
the outflow of venous blood, and although intra-alveolai haernoi- 
lhage occurred there was either no hsemosiderosis or at most an 
inappreciable and recent deposit of iron 

Microscopic changes in the pulmonary arteries in bilhaizia weie 
first briefly described by Miller (1914) but the only adequate account 
m the literature is one case of $ mansoni infection studied by 
Clark and Graef They recognised the obhteration of the lumen 
by a richly vasculansed tissue the result of canalisation without 
previous thrombosis, and the medial damage the cause of which, 
however, was obscure, owing no doubt to the absence of early 
lesions The presence of angeiomatoids is not mentioned From 
oui cases it is evident that the occlusive arteritis is the result of 
lepair followed by persistent or intermittent reinfection super- 
imposing new lesions on old The massive infestation of the 
lungs is due, of course, to ova which have failed to become fixed 
in the somatic veins and affords impressive evidence of the 
imperfection of this process After the death of the ova the specific 
characters of the lesions tend to disappear and eventually only 
angeiomatoids remain These may be regarded as adaptations to 
overcome the obstruction to the pulmonary circulation, and the 
giowth m size of the blood spaces to cavernous dimensions beyond 
the confines of the original vessel must be greatly favoured by 
loss of the controlling effect of the media of the artery in which 
they develop Although myohypertrophy of the larger arteries is 
induced by the obliterative artenohtis, it progresses in spite of the 
development of angeiomatoids These structures appear to be 
peculiar to bilharzial arteritis, as they have not been described in 
other forms of Ayerza’s disease In non-bilharzial types of the 
disease cavernous spaces may occupy the lumen of the scleiosed 
aitenes (Goedel, 1930 ; Rosenthal, 1930 , Hora, 1934-35 , Wiese, 
1935-36), but as they aie thrombotic in origin and he inside an 
intact media they are quite distinct from bilharzial angeiomatoids 
Wheie all the ova have disappeared and with them their specific 
offects, as m case 12, the bilharzial origin of the disease rests upon 
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Fiq 18 — Case 10 Lung Tvpital appearance in bil 
harziul Ajcrza’s disease at a comparatively early 
stage Mil wry nodules arc arranged m clusters or 
lines round tho tluckenLd arteries .Natural size 


Fio 19 — Case 11 Lung Bilharzinl 
Ajerza’s disease at u Into stago 
Note tho silver uiro appearance or 
tho thickened arteries and tho 
absence of miliary nodules x J 
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Fig 2i — Caso 11 Vn urtcry with medial hypertrophy and hyperplastic intuna 
opening into an ungoiomatoid of mixed tjpo in which aro several calcified ova 
of S hicmatobium The media of the artery is not continued into tho angcio 
inatoid Iron li cmnloxylin and van Gieson X 120 



Fia 23 — Case 1 2 Lung showing 
atheromatous thickening of the 
arteries in long standing bil 
barzial Ajerza & disease X f 


Fig 24 — Case 12 Heart showing di lata 
tion of the nght auncle and great hyper 
trophy of tlie right ventricle x£ 
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H Lesions due to worms 

Thoro aro very few references m the literature to vermoid 
infection of the lungs in man Worms were first found m the 
pulmonary blood of an Egyptian by Symmers (1905), who thought 
they were S hamalobium, although from what we now know they 
wero almost certainly S mansont Dew apparently detected none 
m his Egyptian autopsies and no further report appeared from 
tins country untd Day described a ease in our laboratoiy with 
numerous coupled male and female worms of S mansont m the 
irtorios In Brazil, whore only S mansont occurs, Silvoira states 
that worms may be found in the pulmonary veins but, for reasons 
to bo given, theso were probably arteries S japomeum worms do 
not appear to have beon found in the lungs although their piesence 
is very probable 

In experimentally infected animals pulmonary involvement 
appears to be frequent Fairley (1919 20) found S hcemalobimn 
and S mansont in monkeys and Faust and Meleney (1924) 

S japomeum m the dog In a monkey infected with S mansont 
■no found many male worms in the pulmonary arteries 

In our material there were 10 cases with worms m the lungs, 
an incidence of 3 6 por cent in all cases of bilharziasis and 10 5 per 
cent in pulmonary infeotion The actual incidence is certainly 
greater, as the area of lung tissue examined was very small As 
the worms were present m arteries and never in voins their mode 
of entrance must be by migration oi embolism Apart from the 
fact that the former method mvolves a perilous journey through 
the right side of the heart and over the valves, the histological 
evidence is entirely in favour of embolism Thoy become impacted, 
usually as rider emboli, where the artery divides mto two blanches 
(fig 27) too small to allow their further passage and the ends 
of the worms may trad mto the branohes This position was clearly 
demonstrable in 7 cases (table III) though sometimes serial sections 
were necessary Where two or moro worms are lodged the sessel 
may be distended but there is never thrombosis or damage to the 
arterial wall while the worms are still olive (fig 27) 

Embolism occurred at difforent periods as shown by the presence 
of living and defunct worms As many as five worms were found 
in one section but usually only one was present Coupled male 
and female worms occurred once , in the other cases only males 
were present As the species of worm cannot be identified m 
microseopio seotions we have had to rely on the typo of oi a m 
the lungs and somatic lesions It will bo seen (table III) that 
both species of schistosomes may infect the lungs In 9 cases 
all or some of the worms wore defunct, showing that although 
bathed in venous blood conditions in the pulmonaiy arteries aro 



Table 111. 

Particulars relating to schistosome worms m the lungs m 10 cases. 
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Fig 28 — Dead 6 ItuLmn 
fobnun uorm impacted at 
bifurcation of an nrlcry 
Tlio vosw?I wall is necrotic 
and tlio alveoli filled with 
a pneumonic exudate V 
giant coll is seen at ono 
end of tho u onn A 80 
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unfavourable to survival While the living worm is harmless the 
products of the dead parasite are extremely toxic, producmg a 
characteristic necrotic and focal pneumonia which appears as an 
opaque white round or elliptical area of consolidation 0 1-0 5 om 
m size with the worm m the centre Death of tho worm is followed 
by thrombosis The vessel wall quickly becomes necrotic and 
mvaded by eosinophil loucooytes and some histiocytes, the latter 
sometimes forming giant colls winch attack tho worm (fig 28) 
The walls of the surrounding alveoh are congested and the lumen 
filled with fluid, fibrin, many eosinoplnls, some polymorphs and 
histiocytes and a few red cells Outside the pneumonic area there 
may bo intro-alveolar lnemorrhage With diffusion of the toxin 
the mflammatoiy exudate and alveolai walls also become necrotio , 
the arterial wall disappears and tho dead worm is now extra vascular 
(fig 29) Tho area of necrosis is reduced to a dense structureless 
moss, at the periphery of which the pneumonio oxudate organises 
(fig 30) Later the necrotic debns is absorbed but the tissues are 
incapable of autolysmg the dead worm, which calcifies and is 
enclosed in a capsule of scar tissue (fig 31) 

In half the oases with vermoid infection there wore focal or 
diffuse vascular lesions but in the remainder parenchymatous 
tubercles only (table III) The early stages of worm pneumonia 
were first described m experimentally infected monkeys by Fanloy 
(1919-20) but do not appear to have been lecogmsed in man 
hitherto 

The houte tbavebsed by the parasites to the lungs 

As the vesical, ureteric, prostatic and uterine venous plexuses 
drain into the internal lhao veins, detached ova and w'orois of 
S hcemalobium can readily enter the lungs * This explains to some 
extent why this species is found there more frequently than 
S mansom (table I) and also why pulmonary infection can occur 
when the urinary traot lesions ore recent or shght Nevertheless 
it wall bo seen that S hcemalobium produces focal and diffuse vascular 
disease significantly less frequently than S mansom (table IV) 

The habitat of S mansom is the portal area, between which 
and the systemic veins are anastomoses which normally seem 
insufficient to allow the passage of many parasites For reasons 
already stated it is unlikely that ova or worms can traierso tho 
hver and we have never found microscopic evidence of tins In 
S mansom infection of the lungs hepatic cirrhosis and severe 
somatic lesions are almost invariably present, indicating a massive 
infestation (table IV) The progressive obstruction m the portal 
system leads to hyperplasia of the collateral circulation as shown 

* In rare instances S mansom infects tho gemto urinary area 
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Table IV. 

Illustrating the relation between somatic and pulmonary lesions and the 
species of oia in the lungs in 32 cases of schistosomiasis 


sin Ilf- of o\ i in lungs 

No of 
casOs 

Scvuc somatic 
lesions 

Cirrhosis of lh or 

Pulmonaij 

arteritis 

.S’ hnhiatobium 

21 

12 

2 

4 



(57 per cent ) 

(8 per cent ) * 

(19 per cent ) 


11 

10 

10 

C 

| S mmiioni 


(91 pei cent ) 

(91 per cent ) 

(54 per cent ) 


* Due to S mansoni infection 


by the vascular adhesions between the liver and diaphragm and 
the vancosity of the oesophageal veins It is only, then, at a 
comparatively late stage of the disease that conditions are favourable 
foi pulmonary infection, which will tend to be massive and therefore 
productive of arterial lesions Day, from the clinical standpoint, 
has di awn attention to the association between cardio-pulmonary 
symptoms in bilharziasis and splenomegaly and hepatic cirrhosis, 
but enoneously concluded that pulmonary disease with clinical 
symptoms is always due to S niansom infection This can readily 
be understood, as in pulmonary arteritis due to S haematobium 
theie is no cirrhosis 01 portal obstruction unless of course there is 
a double somatic infection 

The mode of escape of ova from the vessels. 

The geneially accepted view is based upon the work of Fairley 
(1919-20) on monkeys, experimentally infected with S haematobium 
and S mansoni , w hose mesentery had been exposed under 
anaesthesia He observed that the female worm, leaving her 
paitnei, migrates by means of her suckers until she has stretched 
the venule to its uttermost The ovum is deposited with its spme 
dneeted posteriorly. The worm then withdraws slightly and the 
vom contracts on the ovum so that the spine engages m the vessel 
wall and pierces it, wlule the force of the venous blood stream 
tears a rent m the venule and drives the ovum into the perivenous 
tissue. The actual transit of the ovum through the vessel wall 
was seen by direct microscopic examination of pieces of small 
mtestme squeezed between two glass slides by means of rubbei 
bands. 

Theie was apparently no haemorrhage and from the nature of 
the expeiiments necrotic or other changes in the vessel w'ould be 
invisible As legards embolic ova in the lungs and other organs 
Fairley (p 294) says, '* Escape into the perivascular tissues m 
thew organs is produced by mechanical rupture by ova impacted 
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2 The toxic effect of the ovum is shown by necrosis of the 
tissue in its vicinity. The amount of necrosis varies and possibly 
depends on the degree of allergy at the time of invasion 

3 The tissues may respond to the presence of ova by othei 
reactions than the foimation of tubercles and it is suggested on the 
histological evidence that the number of ova, leinfection, immunity 
and alleigy may all play a part in determining the type of response 

4 The ova reach the lungs as emboli and become impacted 
m the artenoles which accompany the lespiratory bronchioles, 
pi o due mg a specific acute necrotising artenolitis Following 
necrosis the ovum escapes through the vessel wall and a parenchy- 
matous tubeicle forms near the respmatory bronchiole It is 
suggested that the ovum secretes an anticoagulant, as it never 
excites tluombosis 

j The numbei of ova is of primary importance in decidmg the 
eflect on the pulmonary tissue In 86 per cent of cases only a 
few ova had enteied the lungs and the only lesions present were 
paienchymatous tubercles Embolic ova are rarely seen in these 
cases 

6 In cases with a heavier infestation vasculai lesions as well 
a- parenchymatous tubercles are present and embolic ova aie 
frequent Healing of the acute vascular lesions leads to an 
obliterative aitenohtis, often followed by canalisation of the 
occluding tissue The new-formed capillaries hypertrophy, produc- 
ing a stiuctuie characteristic of pulmonary bilharziasis to which we 
have given the name “ angeiomatoid ” The vascular changes are 
focal m distribution and are unassociated with cardiac hypertrophy 
oi signs of congestive heart failure 

7 Massive and lepeated infection of the lungs is followed by 
widespread arterial changes, hypertrophy of the right ventricle 
and the development of the cardio -pulmonary features of Ayerza’s 
disease with death fiom congestive heart failuie The severity of 
the disease is laigely due to repeated reinfection of healing or 
healed lesions The gross appearances of the lungs are only specific 
when ova of leinfection fail to complete their migration through 
the thickened aitenoles and tubercles develop m the walls At 
<i later stage, when the specific lesions heal, only the effects of 
long-standing arterial obstruction are evident and the naked-eye 
appeal antes do not diffei from those m Ayerza’s disease due to 
othei causes Microscopically, however, the bilharzial ongui can 
be recognised by the characteristic angeiomatoid structure, even 
although all the ova may have disappeared The lungs are the 
seat of cluomt passive congestion without luemosiderosis 

8 Ayerza’s disease of bilharzial origin comprises 2 1 pei cent 
of all cases of schistosomiasis and 6-3 pei cent of the pulmonaiy 
la^es Reasons aie given for believing that it is a common 
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Fro 31 —A com p *bdj cborrymiscd and partially calcified S hamalobtutn 
\ n - ill'll by scar tissue xfiO 
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*io 3J — Case 9 Showing an ovum of 9 »*u>uo»* p.v .>bmc through tho hbruus 
wall of a largo cavernous spaco in nn angdomatoid The tnvo action of tho 
ovum is shown bj tho altered Rtommg reaction of tho collagen ami necn^t* »f 
tho mfiaimnatoiy colli in the intuna mid adventitia Iron himatoxjlui and 
van Gicaon X-00 
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2 The toxic effect of the ovum is shown by neeiosis of the 
tissue m its vicinity The amount of necrosis vanes and possibly 
depends on the degree of allergy at the time of invasion 

3 The tissues may respond to the presence of ova by other 
reactions than the formation of tubercles and it is suggested on the 
histological evidence that the number of ova, reinfection, immunity 
and allergy may all play a part in determining the type of response 

4 The ova leach the lungs as emboli and become impacted 
m the aitenoles which accompany the respiratory bronchioles, 
pioducing a specific acute necrotismg artenohtis. Following 
necrosis the ovum escapes through the vessel wall and a parenchy- 
matous tubeicle forms near the respiratory bronchiole. It is 
suggested that the ovum secretes an anticoagulant, as it nevei 
excites tlirombosis. 

i3 The number of ova is of primary impoitance in deciding the 
effect on the pulmonary tissue In 86 per cent of cases only a 
few ova had enteiecl the lungs and the only lesions present were 
parenchymatous tubercles Embohc ova are rarely seen in these 
cases 

6 In cases with a heavier infestation vascular lesions as well 
a- parenchymatous tubercles are present and embohc ova aie 
frequent Heahng of the acute vascular lesions leads to an 
obhteiative arteriohtis, often followed by canalisation of the 
occluding tissue The new-formed capillaries hypertrophy, produc- 
ing a structure characteristic of pulmonary bilharziasis to which we 
have given the name angeiomatoid ” The vascular changes are 
focal m distribution and are unassociated with cardiac hypertiophy 
or -ngns of congestive heart failure 

7 Massive and repeated infection of the lungs is followed by 
widespread arterial changes, hypertrophy of the right ventricle 
and the development of the carclio-pulmonary features of Ayerza’s 
disease with death from congestive heart failure The severity of 
the disease is laigely due to repeated reinfection of heahng or 
healed lesions The gross appearances of the lungs are only specific 
when ova of reinfection fad to complete then’ migiation tlirough 
the thickened arterioles and tubercles develop in the walls At 
a later stage, when the specific lesions heal, only the effects of 
long-standing arterial obstruction are evident and the naked-eye 
appearances do not differ from those m Ayerza’s disease due to 
ot hoi causes Microscopically, howevei, the bdharzial origin can 
he recognised by the characteristic angeiomatoid structure, even 
although all the ova may have disappeared The lungs aie the 
-cat of chrome passive congestion without hsemosiderosis 

8 Ayerza’s disease of bilharzial origin eompuses 2-1 per cent 
of all cases of schistosomiasis and 6*3 pei cent of the pulmonary 
va-e- Reasons arc given for believing that it is a common 
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Fio 31 — A completely djaorgani&ed and partmll j calcified S hauiatobtum 
worm surrounded by scar tissuo a CO 



Fro 32 —Case 9 Shoving an ovum of 5 mantam pacing through tho fihrous 
wall of a large cavernous space in an oogciomotoid 10 oxio nc ion o o 
ovum is shown by the altered staining reaction of tho collagen and necrosis of 
the inflammatory cells m tho mt.ma and adieatitia Iron haumitoxyl... and 
\an Gieson x200 
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complication in Egypt and othor countries where bilhamasis is 
endemic 

0 Ova of S haematobium (58 per cent ) are moie common m 
the lungs than S mansom (31 per cent , table I), but 5 mansom 
(64 per cent ) produces vasculai lesions more often than 
S haematobium (19 per cent , table IV) Tho reasons for this aie 
discussed 

10 Evideiico is advancod to show that the passage of tho ovum 
thiough the vessel wall is due to neciosis produced by i toxio 
action of the embryo, the spine playing little or no part m the 
process It lias also been shown that the ovum can escape thiough 
the wall under conditions where the size of the vessel and the 
absence of contractility make it impossible for the spine to exercise 
the piercing function attributed to it by the mechanical theory 

11 Worms were present in the lungs in 3 6 per cent of the 
series and in 10 5 per cent of the pulmonary cases Either 
JS haematobium or S mansom may occur 

12 The worms reach the lungs by tho pulmonary artory and 
are usually arrested as riding emboh at the bifurcation of a vessel 
Although bathed in venous blood they rapidly die While alive 
they produce no structural changes, but the dead worm is highly 
toxic, causing necrosis of the artery and an acute focal necrotising 
pneumonia Later the pneumonic exudate is absorbed and 
cicatiised but the defunct worm becomes caloified and enveloped 
m seal tissue 

Wo wish to express our cordial thanks to Mr N Strecknlovsky, ailist to 
tho Faculty of Medicine, Cairo, who made tho coloured drawings, and to 
Bakr Scoudy Effendi for the photomicrographs 
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fonnation. of laige cytoplasmic aoidophile inclusion bodies Moie- 
ovei the latter have been shown by Lipschutz and by von Prowazek 
to contain innumerable small granules which are now accepted as 
typical elementary bodies resembling those found in vaccnna by 
Buist in 1887 (see Gordon, 1937 , Maclrie and van Rooyen, 1937) 
and m other virus diseases 

Goodpasture and King (1927) have reinvestigated the develop- 
ment of the molluscum inclusion body by means of stained sections 
and smeai preparations and have arnved at the followmg conclusions 

‘ The mam faetoi m the hyahmzation of the intracellular mass la 
desiccation The hyaline oval masses formed by a coalescence of granules 
and cytoplasm constitute the mature “ molluscum bodies ” of Henderson 
and Paterson They are not formed by a sort of keratimzation as sug- 
gested by Lipschutz, but by fusion and desiccation of the elementaiy 
bodies and the intervening cytoplasm 

‘ It is ov ident from our preparations that the particles which appeal 
to be extruded from the nucleus have no part in the composition of the 
elementary bodies, but dissolve and become a part of the basophilic 
cytoplasm which has a cential position withrn the cell It is within this 
altered cytoplasm that the vacuoles develop, about which and eventually 
within which tiny bodies occur havmg no counterpart among the 
cellular constituents Mitochondria play no part in the formation of the 
elementary bodies In fact the elementary bodies constitute, from all 
cytologic appearances, a new substance which increases enormously in 
bulk in tho affected cells, and not by accretions to the size of individual 
bodies, but by a pioliferation of innumerable bodies of uniform size, 
form, and staining qualities The cytologic changes are in every v'ay 
consistent with an activ e giowth of a vory minute living microorganism 
Smear preparations, made by stroking a glass shde ovei the pearly core 
of a lesion moistened with physiologic salt solution, and suitably stained, 
confiim tho cytologic appearances of an mtraeellulai micioorganism ’ 

According to these authois, then, the formation of the molluscum 
body is effected by fusion and desiccation of the elementary bodies 
and intei vomng cytoplasm of the affected cell The process 
moreover takes place without the formation of a membiane covering 
tho inclusion body 

Findlay in Ins excellent and comprehensive leview of the 
hteratuie of this subject, makes the followmg furthei lefeience to 
the absence of a membrane encircbng the molluscum body 

Tho dev clopment of these molluscum bodies has recently been re- 
investigated by Goodpastiue and King (1927), whoso description cone- 
sponda v cry closely with the account of tho dev clopment of the v irus 
inclusions m fowl-pox given by Ludford and Findlay (1926), except that 
in human molluscum contagiosmn the virus vacuoles do not atqun c a 
lipoid coat ” 

The pres ext investigation. 

The work was earned out with material obtained fiom ton cases 
of molluscum contagiosum under treatment by Drs Perciv.il and 
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possible to bung the optical axis of the micioscopo over tho dissecting needles, 
with ease Thus both tho needle points could be centred simultaneously 
without touching tho micromampulatmg stands, or moving tho film of cells 
(above tho needles) placed on tho dissecting chamber coverslip The lattei 
was controlled by tho mechanical stage 

Dissecting chamber This was constructed from glass accoidmg to tho 
authoi’s own 1 equirement and was not of standard pattern It consisted 
of a gluss slide 7b mm long, 37 mm wide and i 1 mm thick, on which was 
cemented together a i octangular glass chamber 20x30 mm constructed of 
two side» 35 mm long, 7 mm deep and 4 mm wide and two lateral walls 
20 mm long, 2 5 mm. deep and 2 5 mm in width 

Two glass “ troughs ” were also provided along the lateial bolder of 
the cliamboi into which water was placed in ordei to maintain a sufficient 
dcgieo of moisture within tho chamber dm mg dissection 

Technique 

Glass covtrshps 38 mm long, 31 mm broad and 0 14 mm thick were 
cleaned by boiling in a mixtuie of potassium bichromate solution and 
sulphuuc acid, washed with watoi, placed m methylated spirit for 1 hour, 
lemoved and dried with a silk cloth The surface of the coveislip was then 
ti eated with a few flakes of tulaurme which was rubbed mto the gla&s with 
an artist’s paper pencil Tho coverslip was subsequently passed lapidly 
through the bun&en flame three times, placed on the laboratory bench and 
tho excess of grease wiped off its surface with a silk rag 

A fresh moist fragment of molluscum tissue about 1 mm ui diameter 
was now placed at one end of the coverslip and uniformly spread over the 
surface by crushing it with the edge of a 3 m X I m glass slide 

Wlulo tho smear was still moist one drop of a 1 10,000 dilution of 
brilliant creayl blue m 0 86 poi cent saline was placed on the film and gently 
allowed to flow o\er it Tho coverslip was next picked off the laboiatory 
bench and tho film placed inverted over the dissecting chamber Next 
both manipulatmg needles weie accurately centred m the field so as to 
take up a position slightly below the level of the film without actually touching 
it. Both lateral openings through which the needles passed into tho dissecting 
chamber were now sealed up with vaseline and the interior of the cavity 
made air-tight Any minoi adjustments to tho position of the substago 
condense!, iris diuphragm and reflecting minor weie made at the sumo time 
Pnor to commencing micromampulution the j in objective and X 10 
ocular were placed in position, the light adjusted to maximum intensity and 
a suitably stained group of molluscum bodies manoeuvred into tho emtro 
of tho field At this stugo both dissecting needles should be lying about 
2o0 n below the level of the film and should not bo permitted to establish 
contact with tho wet surface of tho film The needles were next elevated 
vertically vmtd tho point of each became just recognisablo as a blurred 
image m the field 

To facilitate the latter operation the N A of the condenser was decieascd 
by closing the ms diaplirogm slightly, in older to give greater depth of focus 
and to rendei both needle points and cells lying above them more easily 
visible Tho needle points, which should bo close to each other, were 
re-centred m tho field and tho cell oi gioup of colls to bo dissected moved 
so that they lay unmodiately above tho needles. Tho 0L (Leit/) objective 
and y 10 e\ i piece (total magnification i50) were now substituted for the 
others and tho dc-wee ting niedlcs gently raised and adjusted so that one 
needle lay nnnwdmtely beneath the cytoplasm and tho other below tho 
mcliiiton body (fig 2) A drop of cedar-wood oil was placed on the caver-ihp, 
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Injection of carbon paiticles into the inclusion cavity 

The Indian, mk used was fust filteied and then centnfugod at 
3000 i pm for 30 minutes After withdrawing the inclusion 
body fioni an epithelial cell, the sharp-pointed needle was chscaiderl 
and tlieie was substituted a hollow glass pipette possessmg a lumen 
of about 1 p and an external diamotei of about 2 l/i The pipette, 
tilled with mclnm mk, was insciteci into the cavity and the ink 
dischatged uito it By this method it was possible to fill the cavity 
with caibon particles and to demonstrate that there was no tendency 
for them to flow into the adjacent cytoplasm By luptuimg the 
cavity wall, howevei, the ink was made to flow into it The 
boundaries of the cavity weie also delineated by injecting Indian 
mk into the cytoplasm so that the ink outlined the maigms of 
the cavity but did not entei it — unless it was punctmed w r ith a 
needle point eithei befoie oi after mtioducmg the ink 

Obscnations with dark-gi ound illumination 

When an epithelial cell contauung an inclusion body was 
examined unclei daik-ground illumination, both the cytoplasm and 
the molluscum body appealed to be full of refraetde paiticles, but 
when the inclusion was removed from the cell, a vacant senu- 
tians lucent space was left wdieie previously the inclusion body 
had lam Agam theie was no evidence of a lining membrane 

The icfiactile granules wuthin the cytoplasm weie closely 
compared with those inside the mofluscum body and a nunibci 
of significant differences w r eie detected From them histological 
studies Cioodpastrue and King concluded that the epithelial cell 
contains myriads of elementaiy bodies measuring about 0 25 p 
m diameter The w liter, however, believes that the majority of 
the lefiactile particles evident witlun the cytoplasm of the epithelial 
< ell aie probably minute vacuoles or piotoplasnnc granules and 
not tiue elementaiy bodies His reasons for tins assumption aie 
the fact that the refraetde paiticles m the cytoplasm range front 
0 5 to 3 3 p m ebameter, wlieieas the stained molluscum elementaiy 
body is remarkably uniform in size — 0*3 p by mensuration and 
0*33 p when estimated by nuciometnc extinction (van Rooyon, 
1937) By exciting pressiue on the cell and exploring its contents 
by insetting a needle, many of the lofractdo spots in the cytoplasm 
‘ oukl bo show n to bo minute spaces suiiouuded by concentric 
diffraction rings 

Similar examination of the molluscum inclusion body showed 
that its structmo was entirely different, for it contained numerous 
refract ile particles which m shape, size and degree of refiactihty 
wire identical with typical virus elementary bodies (fig 11) f'eme 
additional evidence in support of this contention was derived from 
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against the flattened edge of a lmcro-spatula and a sliaip needle 
wa» pushed into the opposite side the needle bent befoie punctuiuig 
the cell (fig 14) 

1 The rounded, blunt extiemity of the inclusion body appealed 
to have the thickest nail and when the cell was compiessed m its 
long axis the thin-walled cap tended to flatten out against tiie 
uuuo-spatula as piessuie was applied with the needle fiom tlio 
blunt end . theieaftei the needle point bent and finally the cell 
w all yielded mw ards 

". When this procedure was leveised and the flat edge of tlio 
mu 10 -spat ula uas applied to the blunt extiemity and the needle 
point placed against the cap a different sequence of events was 
observed when force was exerted The needle point immediately 
and easily penetiated the tlun cap of the inclusion body whilst 
the t lacker, broadei segment remained firm and ligid against the 
fa» e of the spatula (fig 13) 

i If the inclusion body was picked up between the points of 
two needles and allowed to rotate between them the piesenco of the 
i ap could be detected as the inclusion body altered its axis in the field 

3 By compiesaing the inclusion body against the tuidor side 
<A the cmerahp w ith a broad needlo about 10 /z in diameter the cap 
could be caused to bulge (fig 13) and finally to burst By gradually 
mucasuig the pleasure the contents of the body weie foiced out 
tluough the breach 

h When the inclusion body was transfixed at eithei pole with a 
slurp pair of needles and then pulled apait (fig 16) the low tensile 
strength of the cap was immediately appaient. Shortly before the 
body was torn asunder it was noticed that the line of clcavago fir»t 
appeared at the coiucal polo and later the coll threatened to divide 
at it-, uppermost poition. Tlio membiane of the lowoi (broader) 
segment tended to remain rigid and usually resisted tearing when 
subjected to stretching in tins manner. 

l lnis alter a series of optical and mechanical tests perfoimcd 
on the mollusc um mclusion body the evidence proved the existence 
of tlun-w ailed and tliickor-w ailed poles It should bo clear! v 
understood, howovei, that this only apphos to bodies which were 
*»\al oi pyriform in contour. The smaller circular inclusions 
appeared to possess a Avail of imiform thickness. There i> no 
mniento to show whether the sue and shape of those boihcs »"> 
ri luted to their ago and degree of development, and if so, whhli 
*'f iho two represents the later stage of growth 


The contents of the molluocuin body. 

Hefi.iir ui> isiug the wall of tho inclusion body it was photographed 
by *Luh ground illumiu.it ton and found to loutaui numcroii--. 
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Plate XXXIX 

L’’ia 12 — Film from a molluscum lesion stained by Pusclien’s method fox elemcixtaiy 
bodies Observe the enormous nunxbei of these mmuto vnus bodies, also the 
laigo molluscum inclusion body in the left upper quadrant X1200 

Kio 13 — Effect of compressing a molluscum body with a micro-needle against a 
coverslip Tho needle is pointmg obhquely upwaxds The contents tend to 
lici mate through the conical pole, thus revealing its stiuctuial weakness X 1 100 

Flo 14 — Demonstiates the mechanical strength of tho lateral walls of the 
molluscum body by compiessing it between the Bhnrp point of a needle and 
a flat nucio spatula Xote tho lighter staining “ cap ” or tapermg pole X 1100 

Fit. lo — Reveals the ease with which the needle point can be msoxted into the 
mteuoi of the molluscum body tluough tho w>eak conical polo The inonihrono 
at this pomt offers no resistance to tho piessmo of the needle X 1100 

Fig 10 — Two micxo needles have transfixed a molluscum body at either extremity 
and thou been pulled apait Obsorve the low tensile strength of the thin wall 
of tho conical polo and its tendency to break xllOO 
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Fig 17 — Shows the internal content a if a mol lucrum bod) in process of removal 
with tho point of a disserting run die The contained material tends to bo 
mucoid m consistency and udhous to the point of tlio needh Jlio minute 
elementary bodies are only jud \icibk m tho gelatinous matrix buiroundin^ 
thorn After removing this jell) hi «. suhst met tho eniptv t-hcll “ of the 
raolluscum body loses its formt r siginuited internal appearance 1100 
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p IO is — bib n stained by Piim.Iu.iim method ohouing numerous luolhiiuin 
elementary bodies which hu\u been liberated fmin a ruptured inclusion l»od\ 
x 1100 
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rofractile bodies closely resembling m shape, size and degree of 
refraotihty the Pasohen bodies of vaoomia and other vans diseases 
These elementary bodies were not easdy photographed m situ, 
for the surface of the hving inollusonm body is curved, it possesses 
a membrane of varying thickness and, as will be referred to later, 
the elementary bodies are embedded m a fluid matrix Fig 11 
shows four molluscum bodies containing elementary bodies m their 
interior These are necessarily uuhstinot because the elementary 
bodies lying immediately aboxo and below the optimum plane of 
focus tend to introduce shadows mto the field and nnpair tlio 
crispness of the images in focus When stained by mtrvvitam 
dyes such as bnlliant cresyl blue, the molluscum body presented 
a mottled appearance as though it u ore segmented internally into 
a senes of compartments von Prowazek (1911) and Goodpasture 
and King (1927) have depioted this appearance but make no 
suggestion as to its nature Later an explanation of tins appeurnneo 
will be offered 

The dissection of the molluscum body was proceeded with by 
first transfixing it with one sharp needle and then incising the coll 
membrane with the other (figs 9 and 10) Tho body cavity was 
then explored by passuig the " tearing ’’ needle mto its mterior and 
manoeuvring it in such a manner os to facilitate tho escape of tho 
contents Careful examination of the escaping material showed 
it to consist of innumerable elementary bodies, apparently held 
together by a gelatmous, mucoid material which slowly diffused 
throughout the surrounding fluid (figs 17 and 18) This jelly like 
material readily adhered to tho needle points 

The markings on the molluscum inclusion body wore therefore 
behoved to bo due to an optical offoct, tho result of the passage ofhght 
through a globoid, semi translucent envelope filled with viscid fluid 
throughout which numerous dense, highly refrac tile particles w oro dis- 
persed The appearance of comportments and whorls arose, in tho 
writer’s opinion, from varying degrees of density in tho gelatmous 
fluid within tlio inclusion body and conceivably also from tho 
effect of unevenly dispersed elementary bodies within that material 
Fig 12 shows a smear made from a molluscum lesion stained by 
Fasclien’s method for elementary bodies Nuniorous olomentory 
bodies are seen in closo proximity to a ruptured molluscum inclusion 
body 

Discussion 

The inclusion body of molluscum contagiosum is generally 
rogardod as a typical example of the inclusion bodies found in virus 
diseases, but from tho present studios it would bo incorrect to 
assume that tins is so Tho methods of investigation hero described 
have not jet been oxtonded to other virus diseases and until tins 
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is done, the- present findings must necessarily refer only to the 
molluscum inclusion body It remains to be seen whether or not 
further micromanipulation studies will reveal that the structure 
of other virus inclusions, such as the Bollinger, Guamien and 
Marchal bodies, is identical with that of the molluscum body 

Goodpasture and Woodruff (1931) have already carried out 
comparative nucromanipulation studies on the Bollinger body and 
the molluscum body They found that the molluscum body could be 
freed from the surrounding epithehal cells by tryptic digestion, but 
that it then became sticky and gelatmous so that it could not be 
manip ulated readily with the Chambers mioro dissection apparatus 
The writer has likewise failed to microdissect with the Chambers 
apparatus molluscum mclusion bodies which had first been digested 
with trypsin By means of the Janse-Peterfi type of instrument, 
however, and the use of fresh tissues stained zntra vitam with brilliant 
cresyl blue, it was possible to examine the molluscum body undei 
natural conditions and to preserve those finer morphological deta 
which are unavoidably lost in digested tissues This work has 
confirmed earher knowledge of the molluscum body with regar 
to the elementary bodies contained within it and has also drawn 
attention to additional facts concerning its structure Thus it 
has been shown that the inclusion body can be extracted from t e 
epithehal cell without disintegration of the latter There is no 
evidence of any connection between the two and the lining of t e 
cavity which remains appears to be formed by a localised pro o 
plasmic condensation which can be punctured and broken down 
with a needle 

Goodpasture and King have suggested that the mam fa° or 
responsible for the production of the molluscum body is desiccation 
and fusion of smaller vacuoles within the cytoplasm of the infec e 
cell The writer can find no evidence which supports this view 

Indeed there is no evidence that the cytoplasm m an y 
participates m the composition of the molluscum body A ou 
one hundred inclusion bodies have been examined, and every one 
from the smallest to the largest has appeared as a totally mdepen en 
structure within the cell The writer beheves that the 
grows from the elementary body after it enters the cell He 0 
not beheve that it is formed from the vacuoles so commonly se 
m the parasitised epithehal cell These are more probably 
as a result of degenerative changes due to interference wi 
metabolism by the growth of the parasite within it It lS * 
conceivable that many of these vacuoles may represent elemen 
bodies which have been destroyed by intracellular ferments 
The pear-shaped contour of most of the molluscum bo es 
the semi-translucent “ cap ” at the conical extremity are o 
siderable mterest This cap is demonstrably the thmnes p 
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of the body wall and rupture with liberation of the contained 
elementary bodies can be more easily effected here than at any 
other point 

It is suggested that the largo pear-shaped mollusoum body 
represents the most fully advanced developmental stage of the virus, 
in contradistinction to the smaller spherical inclusions which liavo 
a membrane of uniform thickness surrounding them 

Whether or not the possession of a tlun-walled corneal pole 
should entitle the mollusoum mclusion body to be placed m a 
category separate from the inclusions of other viruses cannot be 
determined From the evidence presented it is interesting to 
record that in some lespects, m miniature, the molluscum body 
resembles the general struoture of a fungus sporangium Further 
work on this aspect of the subject is m progress 

Conclusions 

1 Fresh material obtained from ten coses of human mollusoum 
contagiosum has been stained infra vi (am with brilliant crcsyl blue 
and subjected to microdisseotion 

2 The molluscum mclusion body lias been successfully removed 
from the infected epithelial cell It has also been replaced in the 
same cell without injuring the latter 

3 The removal of the molluscum body leaves a largo cavity 
in the cell The cytoplasm does not flow into this spaco, tho cavity 
being apparently lined by a localised condensed layer of cytoplasm 

4 The boundaries of this cavity liavo been dofined by mjoctuig 
Indian ink into it or alternatively by introducing mdian ink into 
the surrounding cytoplasm 

5 About one hundred molluscum bodies from tho smallest 
to the largest have been removed from tho containnig opithebol 
cells by microdissection and in no case was tboro any ovidonco of 
attachment between body and cytoplasm 

6 The mollusoum body probably grows from a moro minute 
form of the viru3 It is not formed by desiccation nor by fusion 
of any mtraeytoplasmic constituents of tho coll 

7 It is suggested that the largo oval or pear shaped forms of 
the molluscum body leprcsent a later stage of development than 
the smaller spherical ones 

8 Tho large pear-sliapcd inclusions liavo been shown to possess 
a definite outer membrano wlucb is tlmuicst at tlio conical pole 
Thcso observations have been established by demonstrating tho 
tensile strength of tho membrano on " palpation ” vnth tho jiomt 
of a micro needle Tho weakness of tho corneal segment has also 
been revealed by transfixing tlio inclusion body botweoii tuo 
needles and oxortmg traction on its walls 
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9 The elemental y vnus bodies contained within the molluscum 
inclusion body have been shown to be supported m a gelatinous 
mucoid substance 

I desne to expiess my indebtedness to Pxofessoi Maclue, at whoso 
instigation this research was carried out and to whom I am mdebted for 
much constructive cnticism and help The work has been done with tho 
aid of an expenses grant from the Medical Research Council Tho cost of 
the c \pousi\ o apparatus was defraj ed by a grant fiom the Sir Halloy Stewart 
Trust of London 
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ACUTE H/E 1 I 0 RRHAGIC ENCEPHALITIS 
ASSOCIATED WITH ACUTE RHEUMATISM 

R H Dobbs and G S W de Saham 

Department of Morbid Anatomy, XJmieraity College Hospital 
Medical School , London 

(Plates XLI and XLII ) 

Tms case of acute hajmorrlmgio encephalitis (for literature see 
Baker, 1935 , Russell, 1937) ja of interest because there was a 
clinical association with acute rheumatism but no evidcnco of 
specific rheumatic change in the brain We know of only one 
other similar case (Alpers, 1928) 

Clinical hwlory 

S E , aged 8 years, was admitted on 2nd October 1937 to Uni\t.rii 
Collego Hospital with the following history Two days before admu^ion 
sho lmd complained of malaise nausea and a pain in the kit Juice Tho 
following day there was pain m tho left wnafc aud loft ankle and she ft It 
cold On the day of admission sho had slight headache and a soro throat 
and tho joint pains wore more sovoro, especially in tho left kneo There was 
never any symptom indicating involvement of tho central ntrv ous hj stem, nor 
was there a history of vomit mg 

Sho was one of a family of four healthy children Sho liad had diphtheria 
at 4 and measles at 6 years of ago, otherwise tho past history was uiuncntful 
The fathor was alive, well and m work Tho mother lmd died six jenrs 
previously of cancer 

Tho pationt was a well developed, rather thin girl, lying very quietly 
in bed She appeared to bo only moderately ill and complained chiefly of 
pain in the loft kneo and to a less extent in tho left anklo and left wri>t 
Temperature 100 6° P , pulse 125, respirations 30 Sho was flashed and 
perspiring slightly Tho apox beat was forciblo and best felt half an inch 
outside tho mpplo lino There was a soft systolic murmur at tho apex, 
conducted into tho axilla Tho left kneo was hot, swollen and acutely 
painful on movement of tho joint or oven on sbglit pressure Tho left wrt-t 
and loft anklo wore both slightly tender and acutilj painful on movement 
but not swollen Tho right kneo was slightly painful on nun cment Thtru 
wore no abnormal physical signs m tho lungs, abdomen or central nervous 
system There wero no nodules or skin rashes, nor were thcro nnj abnormal 
constituents in tho unno 

Tho caso was considered to bo a straightforward one of acute articular 
rheumatism with carditis, and treatment with sulicy lutes was started 
immediately Tho patient was given 20 gr each of sodium salicjlato and 
JQCRX OF PATH —VOL. XLTT 437 2 C 2 
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sodium bicarbonate every four hours and was nursed on the principle of 
complete rest 

By the third day after admission the temperature and the respiration rate 
had returned to normal and the pulse had dropped to between 90 and 100 
The swelling and pain in the joints had disappeared, leaving only a slight 
residual stiffness of the left knee 

On the morning of tho fourth day after admission the patient woke up 
and complained that there weie “ queer things ” making a noise under her 
bed It was at first thought that she had had a nightmare, but she persisted 
m this and other delusions, and towards the end of the morning was becoming 
restless, incoherent and unmanageable At the same time there was a rise 
in the respiratory rate without any fever , by midday the respirations, 36 
per minute, were deep and laboured An examination at this time showed 
that theio had been no change in the physical signs since admission except 
for the disappearance of tho joint swelling and pam A blood count taken 
on the pienous day was returned at this tune and showed haemoglobin 
55 per cent ,RBC 2,800,000 and WBC 13,800, of wluch 86 per cent were 
polymorphs and 13 per cent lymphocytes 

A tentative diagnosis of salicylate intoxication was made, in spite of the 
moderate dosage accompanied with sodi um bicarbonate which had been 
employed She was given fiequent glucose lemonade drinks, and hourly 4 dr 
doses of sodium bicarbonate were administered orally. 

There was rapid deterioration in her condition By 6 pm she was 
comatose, the temperature had risen to 104° F and the pulse to 120, while 
the respirations, 60 per minute, were deep and gasping. At this time a 
slight right external stiabismus made its appearance for the first time and 
remained as the only positive finding in the central nervous system except 
for absent deep and superficial reflexes Rectal glucose salines were 
administered and an intiavenous drip was attempted but failed. The 
temper ature and pulse rose and she lapsed mto deeper coma, with persistence 
of the deep almost stertorous breathing Just before death the temperature 
was 108° F , the pulse 160 and the respirations 60. She died at 3 30 a v , 
six days after the onset of the initial symptoms 

Post-mortem examination. 

The post-mortem examination (210/37) was earned out 91 houis 
after death by Professor G R Cameron 

The body was that of a fanly well nounshed, well built girl> 
markedly pale, 'with a few purpunc spots on the back and neck 
and over both knee joints No swelling of joints , no rheumatic 
nodules , no enlarged lymph glands 

Brain , 1230 g Numerous small subarachnoid haemoirhages, 
but no evidence of meningitis On section (fig 1), well defined 
haemorrhages were seen scattered throughout the white substance 
of cerebrum, cerebellum and pons and varying m diameter from 
1 mm to 2 cm The large haemorrhages showed much fibrinous 
deposit in contact with the adjacent brain substance and this could be 
shelled out cleanly No obvious aneurysms m the circle of Wilks 
or within the brain Ventricles not dilated , venous sinuses 
normal Middle ears clear. . 

Heart, 100 g Very little pericardial fluid Petechise and sma 
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sodium bicarbonate every four hours and was nursed on the principle of 
complete rest 

By the third day after admission the temperature and the respiration rate 
had returned to normal and the pulse had dropped to between 90 and 100 
The swelling and pain in the joints had disappeared, leaving only a slight 
residual stiffness of the left knee 

On the morning of the fourth day after admission the patient woke up 
and complained that there were “ queer things ” making a noise under her 
bed It was at first thought that she had had a mghtmare, but she persisted 
in this and other delusions, and towards the end of the morning was becoming 
lestless, incoherent and unmanageable At the same time there was a rise 
in the respiratory rate without any fever , by midday the respirations, 36 
per minute, were deep and laboured An examination at this time showed 
that there had been no change in the physical signs since admission except 
for the disappearance of the jomt swelling and pam A blood count taken 
on the previous day was returned at this tune and showed haemoglobin 
55 per cent , It B C 2,800,000 and W B 0 13,800, of which 86 per cent were 
polymorphs and 13 per cent lymphocytes 

A tentative diagnosis of salicylate intoxication was made, m spite of the 
moderate dosage accompanied with sodium bicarbonate which had been 
employed She was given frequent glucose lemonade drinks, and hourly i dr 
doses of sodium bicarbonate were administered orally. 

There was rapid deterioration in her condition By 6 pm. she was 
comatose, the temperature had risen to 104° B. and the pulse to 120, while 
the respirations, 60 per minute, were deep and gasping At this time a 
slight right external strabismus made its appearance for the first tune and 
remained as the only positive finding in the central nervous system except 
for absent deep and superficial reflexes Rectal glucose salines were 
administered and an intravenous drip was attempted but faded The 
temperature and pulse rose and she lapsed into deeper coma, with persistence 
of the deep almost stertorous breathing Just before death the temperature 
was 108° F , the pulse 160 and the respirations 60. She died at 3 30 A M , 
six days after the onset of the initial symptoms 

Post-mortem examination 

The post-mortem examination (210/37) was earned out 9J hours 
after death by Professor G R Cameron 

The body was that of a fairly well nourished, well built giri> 
markedly pale, with a few purpuric spots on the back and neck 
and over both knee joints No swelling of joints , no rheumatic 
nodules , no enlarged lymph glands 

Brain, 1230 g Numerous small subarachnoid haemorrhages, 
but no evidence of meningitis On section (fig 1), well defined 
haemorrhages were seen scattered throughout the white substance 
of ceiebrum, cerebellum and pons and varying m diameter from 
1 mm to 2 cm The large haemorrhages showed much fibrinous 
deposit m contact with the adjacent bram substance and this could be 
shelled out cleanly No obvious aneurysms in the circle of Wilks 
or within the bram Ventricles not dilated , venous sinuses 
normal Middle ears clear. 

Heart, 100 g Very httle pericardial fluid Petechise and sina 




1 ia 1 — Sagittal section through cerebrum, show ing tlirco largo and numerous small h cmonlmgi s in 1 10 \ 1 to r'-o.lts. 
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haemorrhages m parietal and visceral pericardium at base No 
obvious hypertrophy Cavities dilated One large atheromatous 
patch on aortic cusp of mitral valve , tmy warty vegetations on 
mitral valve , othor valves clear A little wrmUing of the endo- 
cardium of the left auricle A few tmy atheromatous plaques 
around the orificos of the coronaries , rest of aorta and a enia normal 

The other relevant findings -were few There was enlargement 
of both tonsils these contamod pockets of pus from which 
haemolytic streptococci had been grown Numerous petechias v\ ere 
present in the peritoneal coat of the transverse oolon and m the 
omentum The remaining organs presented no abnormality 

Cultures of blood and brain post mortem showed no liaemolytio 
streptococci 

Histology 

Microscopic examination of the bram shows numerous small 
and large ball and ring haemorrhages confined to the subcoitical 
iv bite matter, internal capsule, pons and cerebellum All stages 
m the development of haemorrhage can be traced from vessols with 
a few red corpuscles m the walls and just outside the ndventitia up 
to large macroscopic effusions of blood associated with much tearing 
of brain substance Many vessels show intense congestion without 
luemorrhage, others are filled with conglutination thrombi Tho 
perivascular space is frequently distended with eosinophilic 
coagulum Large haemorrhages show central structureless elot 
thickly mottled with dark brown pigment, but the piussiau blue 
reaction is negative There is no evidence of inflammatory reaction 
nor commencing organisation around any of tho lucinorrkages 
The walls of a few medium-sized vessels contain polymorphonuclear 
leucocytes and mononuclear cells Many of the latter contaui 
brown pigment and tiny droplets of bpoul stainmg yellow with 
Scharlach R 

No actual break in continuity of tho walls of tho smaller blood 
vessels could be determined despite careful search of 138 serial 
sections Hmmorrliage appeared to occur in the early stages by 
diapedesis Disorganisation of the vessel walls was seen onl\ m 
association with the larger, older luemorrhages 

Weigert-Pal sections show foci of perivascular deuiychnatiuu 
(fig 2) outlining accurately the ball and ring luemorrhages or 
appearing as longitudinal sleeves Commencing microglial reaction 
can be demonstrated occasionally In no mstauco have theso arc is 
of demyehnation been seen apart from luemorrhage Noither liavo 
non-luemorrhagic penvasculai areas of necrosis beon found There 
is no evidence of specific rheumatic lesions in the brain substance 
The leptoinomnges show no inflammatory reaction nud tho \ cssels it 
the base of the bram and tho perforating \ essels are free from change 
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Sections of the left auricle, left ventricle and interventricular 
septum show Aschoff nodules (fig 3) in various stages of develop- 
ment, with much fibnnoid degeneration in the endocardium of the 
left auricle Small vegetations are numerous on the mitral and 
tiicuspid valves and are composed of platelets and fibrin with a 
diffuse round-celled infiltration beneath m the valve substance. 
Aschoff nodules are also ’present here No organisms can be 
demonstrated by histological methods 

The remaining organs present no microscopic abnormahty. 

Summary 

This case is one of an 8-year-old girl a dmi tted to hospital with 
moderately severe rheumatic fever with articular and cardiac 
manifestations After responding satisfactorily to sahcylate treat- 
ment she suddenly developed nervous symptoms and hyperpyrexia 
and became comatose in 12 hours Death followed after 18 horns 
Post mortem, the heart showed recent rheumatic infection of the 
muscle and valves, and the bram acute haemorrhagic encephalitis 

We are indebted to Professor Cameron, for much help in the investigation 
of this case and to Dr W. Pearson for allowing us to make use of the 
clinical notes 
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LYMPHADENOID GOITRE A STUDY OF 
THIRTY-EIGHT CASES 

Dorothy M Vaui. 

From the Pathology Unit Royal Free Hospital , London 
(Plates XLIII -XLVI ) 

In 1896 Riedol described two cases of iron hard goitre, ono of which ho 
had n_ moved twelve years previously Microscopically ho found fibrous 
tissue and accumulations of round cells more or loss destroymg the gland 
Sixteen years later Haslumoto (1912) published four cases of goitro presenting 
varymg degrees of atrophy of the acinar epithelium, numerous lymph follicles 
and widespread now connective tissue and round cell infiltration About 
03 similar cases lia\e now been reported 

Many recent writers, including Ewing (1028), consider that Riedel’s 
struma and Hashimoto’s struma lymphomatosa are different stages of the 
some pathological condition Eisen (1934) describes 7 cases and after a 
full discussion concludes that they are different morphological manifestations 
of the same disease process From a review of published cases Benson. 
(1935) considers that there w an interlocking as regards symptoms, age 
incidence and pathology Shaw and Smith (1925 26), who report 6 coses, 
come to tho same conclusion, and n liko opinion is held by Hoyd (1929) and 
by Poer, Davison and Bishop (1936) On the other hand Graham and 
McCullagh (1931) consider Riedel’s btruma to be a different condition from, 
the lesion described by Hashimoto on the ground that, though the supposedly 
later atago of tho disease, it occurs in younger persons and is frequently a 
unilateral or localised process This view is supported by Howard (1934), 
Gilchrist (1935), and Clute, Eckerson and Warren (1935) 

A study of the lustology of the 38 cases reviewed in this paper 
confirms the opinion that Riedel’s struma and Hashimoto’s struma 
are stages of the same pathological condition Microscopically 
three different stages can be distmguished, early, intermediate and 
late, which merge into each other The pathological changes are 
the same m kind m all three stages, the degree of change is tho 
varymg factor The essence of tho condition is tho extent of the 
damage to the acini by increased lymphadonoid tissue and 
accompanying fibrosis 

Early cases 

Fifteen cases fall into the early stage Here the cluof features 
are scattered areas in which tho acim are compressed and distorted 
by diffuse infiltration with lymphocytes and plasma cells and by 
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accompanying slight fibrosis , but foi the most pait, the acini 
are normal or show varying degrees of epithelial hyperplasia 
Desquamated epithelial cells within the acini and giant cells formed 
from the acinai epithelium may be present Colloid storage is 
usually somewhat reduced and the colloid may be vacuolated in 
the aieas of epithehal hyperplasia Throughout the gland large 
foci of lymphadenoid tissue are numerous, while fibiosis is slight 
(figs 1 and 2) 


Intermediate cases. 

Twelve of the 38 cases belong to the intermediate stage (figs 3-6) 
and show considerable compression and distortion of the acini by 
diffuse infiltration with lymphocytes and plasma cells and by 
fibrosis, but many areas of thyroid parenchyma have survived 
Evidence of previous epithehal hyperplasia is usually well marked 
Giant cells, apparently arising from the acinar epithelium as a 
lesult of compression, and mtra-acmar plugs of desquamated cells 
may be present Colloid storage is slight or moderate Largo 
foci of lymphadenoid tissue are numerous as well as diffuse cellular 
infiltration A moderate degree of fibrosis is present, both diffuse 
and m broad bands 


Late cases. 

Of the remaining eleven cases, nine appear to show identical 
changes (figs 7-10) ; in these the acmar structure of the thyioid is 
almost entirely destroyed by fibrosis and infiltration with lympho- 
cytes and plasma cells Scattered collections of compressed, 
distorted and atrophied acini and irregular groups of epithelial 
cells aie all that remain of the thyroid parenchyma Some evidence 
of previous epithehal hyperplasia can usually be found in some 
areas Giant cells are commonly found , they appear to be derived 
from the acinar epithelium as a lesult of compression by the 
lymphocytic infiltration and fibrosis Colloid is very scanty 
Eoci of lymphadenoid tissue are present and may be numerous, 
as well as diffuse infiltration with lymphocytes and plasma cells 
Widespread diffuse fibrosis and broad bands of fibrous tissue stietch 
lnegularly through the gland In the remaining two late cases 
the appeaianco is atypical One (fig 12) is from a woman of 
40 who had had a goitie for nineteen years and no other symptoms , 
the other (fig 13) is from a man of 32 years who had noticed a 
swelling in the neck for three months and who had had some 
difficulty m swallowing ; his basal metabohe rate before operation 
was — 18*5 per cent. In these two cases, in addition to the change'’ 
eliaracteiistic of the late stage of lymphadenoid goitre, an unusun J 
largo number of giant cells of the foreign body type, mostly arrange 
in tubercle-like follicles (figs 12 and 13), are present , they appear 
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These figures suggest that thyrotoxicosis, prevalent in the 
early stage of lymphadenoid goitre, gives place m the later stages 
to hypothyroidism For both conditions, the differences in incidence 
between the early and late stages of the disease are statistically 
significant 

The youngest patient was a boy of 10 years, whose only symptom 
was a geneiahsed enlargement of the thyroid noticed for years 
This goitre has the featuies of the intermediate stage The oldest 
case was a man of 74 years with a large goitre, 225 g , noticed foi 
three months, increasing in size and producing pressure symptoms 
Theie were no signs of either hypothyroidism or thyrotoxicosis 
Histologically this goitre belongs to the late stage. 

The basal metabolic rate was calculated m 22 of the cases, and 
the lowest figure obtained, —35 per cent , was in one of the inter- 
mediate group 

Four out of the 7 cases of the early group in which there was 
some evidence of thyrotoxicosis had a slightly raised basal metabolic 
rate befoie operation , m the remaining three it was not determined 

JEhology 

Both Riedel and Hashimoto considered the lesion m their cases 
to be clnonic inflammatory, though Hashimoto found no evidence 
of any infective or toxic agent In Graham and McCullagh’s 
opinion Riedel’s struma is a local infl amm ation and struma 
lymphomatosa a manifestation of a constitutional disorder of 
unknown aetiology Attempts have been made to relate the 
condition to infections in the mouth and upper respiratory tract 
(Eisen , Shaw and Smith ; etc ) Meeker (1925) describes a case 
with a persistent posterior branchial body and suggests that 
infection may reach the thyroid through it Ewing considers the 
lesion to be a benign type of granuloma, Scott Williamson and 
Pearse (1929) regard it as “ an expression of a disturbance of the 
lymphogenic function of the gland ” 

Boyden, Coller and Bugher (1935), after considering Warthin’s 
views (1930) on the histological effect of administration of iodine 
in exophthalmic goitre, summarise their opinion as follows — 

“ There is strong evidence, from both the cluneal and pathological 
standpomts, that the cases should be grouped under the category 
of the Graves’ constitutional thyroid (Warthin), and that the 
pathological changes peculiar to the disease are largely the result 
of an over-response on the part of the thyroid to prolonged iodine 
ingestion m certain individuals showing this constitutiona 
abnormality Inflammation of a chronic non-specific nature may 
be an associated etiological factor in some cases, accounting for t e 
extreme sclerosis and production of adhesions to surroun< 
structures” / * •' 
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From a study of the histology of those 38 oases, the most 
reasonable interpretation is that the condition is an involution of 
the thyroid Tuberculosis, syphilis and infection with pyogenic 
organisms can bo excluded Smce the average ago incidence is 
40 years, it might be thought that the involution is comparable with 
the changes in othor glandular organs such as the broast, prostate 
and ovary, and that some disturbance of the baianco of soorotions 
of the ductless glands may initiate the condition But the clinical 
evidenco of thyrotoxicosis, especially in the early cases, correlated 
with the histological findings of decreasmg degrees of epithelial 
hyperplasia and increasing destruction of the acini as the condition 
progresses, pomts to somo excessive involution following a thyro- 
toxicosis of mild degree In some of the cases, it may noil be that 
a non-specifio chronic inflammation is superimposed 


Summary 

1 The relationship between Haslnmoto’s struma lymphomatosa 
and Riedel’s iron-hard goitre is discussed 

2 From a study of 38 oases it is concluded that these conditions 
are the earlier and later stages of the same pathological process 

3 Histologically the cases examined fall into three stages, 
early, intermediate and late, uhich agrees with the clinical findings 

4 The aetiology of the condition is discussed, and it is concluded 
that lymphadenoid goitre should probably be regarded as an 
excessive involution of the thyroid following mild thyrotoxicosis 

I wish to thank Mr H W S Wright FRCS and Dr R G Waller for 
permission to include in this series ono each of their cases , for tho rein ninth, r 
X am indebted to Mr C A Joll, FRCS, mid I thank him for permission to 
nso tho relevant cluneal records 
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THE TRANSMISSION OP THE ROUS FILTERABLE 
AGENT TO CHEMICALLY INDUCED TUMOURS 

EDWABD MELLANB\ 

Field Laboratory, UnnersUy oj Sheffield 

(Plate XLVH ) 

In the Report of the British Empire Cancer Campaign for 1934 
I referred to experiments m liliioh it had proved impossible to show 
the presence of a filter-passing agent in cancerous growths of fouls 
induced by dibenzanthracene and tai This result was not m agree- 
ment with that previously published by Molntosh (1933), °uho 
demonstrated the presence m tor-induced tumours of a filters bio 
agent comparable to the well known agent of the Rous uid otlioi 
bird tumours I pomted out that if chemically induced tumours 
in fowls contain a filterable active agent, it appeared to bo excep- 
tional and not the rule In 1928 Stunu and Murphy had ilso failed 
to obtain any evidence of the presence of a filterable actn 0 agent m 
tar tumours of fowls The suggestion has been modo that the 
positive results obtained by McIntosh may liavo been duo to the 
fact that some of the birds he used earned in their tissues an 
infective agent of the bird leukaama typo at the time tlioy were 
bearing the tar tumours, and that it was tins adventitious agent 
whioh really stimulated the formation of new tumours and not 
the specific product of the tar tumours Even on the basis of this 
explanation the subject seemed of interest I proceeded, therefore, 
to see whether tho carcmogenic agent produced in a Rous sarcoma 
could pass to a chemically mduced tumour 111 tho samo bird, and if 
so, whether the cuncerous grow tbs resulting from such a filterable 
agent would simulate tho chemically mduced or tho Rous sircomu 
as regards structuio and metiboho activity In tho Report of the 
British Empire Cancer Campaign for 1933 I gavo a resumd of the 
results obtained It was •then stated that in tho cuso of bint> 
bearing at the same timo both dibtuzautliraceuo and Rous tumours, 
cell-free filtrates made from tho dibonzanthracono tumours and 
mjectcd into fowls resulted in now tumours and thut thu>o, both 
structurally and according to metabolic tests, lied tho properties or 
1 Rous sarcoma and not of tho original dibenzanthracene tumour 
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These experiments demonstrated that the filterable agent of a Rous 
sarcoma could pass readily into a chemically mduced sarcoma which 
itself had no filterable agent so far as could be detected by the 
methods used 

The present pubhcation supplies the evidence upon which these 
statements were made It suggests furthei that the presence of the 
Rous agent in the dibenzantliracene tumour does not alter the 
chaiacter of the latter, so that although cell-fiee filtrates induce 
Rous tumouis, an injection of the cells of the infected dibenz- 
anthracene tumour pioduces another dibenzantluacene tumour an 

not one of the Rous type . 

More lecentlysome expenments have been made in wlucli tow Is 
carried tluee lands of tumouis, dibenzanthracene tumours in. one 
breast, tar tumouis in the otlioi bieast and Rous tumours m each leg 
One of these experiments is leported and evidence is given of tie 
passage of the Rous agent to the tar tumoui 

Method of experiment. 

The method adopted was to inject an inoculum of cells of a chemically 
mduced tumour, in most of the expci imonts of the dibenzantliracene ype, 
into the bicast muscles of fowls At varying stages of development o ie 
tumours colls of a Rous sarcoma woie injected mto both logs of each fow 
the course of time the fowls had a chbcnzanthracone tumour in one or 0 
breasts and a Rous sarcoma in each leg When the fowls were kille or c ie , 
cell-free filtiates of the dibenzantliraceno tumours m the breasts were ma 
and injected mto normal fowls In other fowls tho cells of the dibenzant uacen 
tumours weie injected From any subsequent tumours which deve ope , 
injections of cells and cell-fiee filtrates wore made for a varying num or o 
generations m different expei unents > 

Throughout the work here reported, the preparation of the cel mocu 
and cell-free filtrates and the amounts injected have been kept appioxuna e 
constant with two exceptions For the filtrates, about 1 part of um ^ a j 
tissue was ground up with silver sand and extracted with 9 parts o norm ^ 
saline made with tap water. This extract was centrifuged and ^ ien 0 . 
through paper pulp, 1 c c doses of the filtrate being inoculated m ° e 
breast of the fowls When cells were used 0 05 c c of scissors-mince 13 
was used for inoculation mto each breast In one of the early experime 
(1934) recorded below (exp A), 2 c c of the cell-free filtrate were 
It might have been better to have injected this amount m the ot ler exp ^ 
ments instead of 1 c c , since the positive results in tins case were two o 
three, whereas usually the proportion of successes was less 

The methods whereby diffeientiation of the two types of umo 
dibenzanthracene and Rous — was made will now be mentioned 0 

(1) In my experience, a cell-free filtrate of an ordinary dibenzan ^ 
or tar tumour of a fowl does not produce another tumour on mocu a 

does that of a Rous tumour . j$ ou s 

(2) The appearances of a dibenzanthracene or tar sarcoma an 
sarcoma, macroscopically and microscopically, are usually dineren > ^ ^ 
first two are more cellular and sohd, the Rous tumour is mucilagmo ca j 
loose texture The diagnosis of these types of tumours by their iis 
appearance is illustrated m figs 1-4 (pi XLVII) A fowl carne a 
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antlirocene tumour m the breast and a Rous tumour m each leg Tho 
structure of tho former is seen in fig 1, of tho latter in fig 2 Cells of tho 
dibonzanthrecano tumour were inoculated into another fowl and gave 
rao to a tumour of the some type (fig 3) On tho other hand, a cell free 
filtrate of tho same dibenzanthraoeno tumour (fig 1) gave rise to a tumour 
of typically Rous appearance (fig 4) 

Occasionally, however, a Rous tumour of the slow growing typo is found 
which is moro cellular and moro difficult to differentiate from tlio chemically 
induced tumours 

(3) It was hoped that a comparison of the metabolic properties of tho 
tumours might assist in distinguishing them, but it is now doubtful whether 
tins method is any better than the histological examination, although of 
course it provides additional support for diagnostic purposes 

It is true that the metabolic characters of these two tumours ore sufficiently 
different to allow classification when typical tumour tissue of each typo is 
examined Examined by tho Warburg method, with tho Dickons buncr 
apparatus (1030, 1031}, tlio greatest and most constant metabolic difference is 
the glycolytic power of each estimated m terms of the dried weight For tho 
Rous sarcoma of typical structure the glycolytic action Qq* per mg dried 
tissue per hour vanes between 7 and 0 The corresponding figure for the fowl 
dibonzanthraccno tumour tissue is 5 G The other two figures given by tho 
Warburg technique — Qg^ , the carbon dioxido produced by oxidation per 
mg dried weight per hour and Q 0 , tho oxygen uptake per mg dned weight 
per hour— vary widely m different tumours of the same typo, and tho rango 
is too similar to provide a measure of differentiation, although tho moro 
typical and rapidly growing tho Rous tumour tho greater is the oxygen 
uptake as compared with that of the dibenzanthi-accno tumour 

It is of interest to note that the percentage of dnod substance in Rous 
tumour is usually much smaller than that of tho fowl dibenzantliraceno 
tumour — an average of 10 II per cent as compared with tho 18 per cent in 
the case of the dibenzanthraoeno tumour tissue Tins figure, ob tamed merely 
by drying tissue shoes of tlio respective tumours, is m itself a good indication 
of the type of tumour, but may fail m differentiating the uncommon, Jiard, 
slow growing Rous tumour from tho typical dibuizantlirocoxie tumour 
These various methods, the modo of propagation of tho tumours, tho gross 
and histological appearance, tho relatxvo metabolic activity and tlio percentage 
dried weight, have been used to differentiate the types of tumour produced 
from tho experimental cell and cell free filtrate inoculations 


Experimental results 

Tho following may bo taken as an example of one of tho earlj 
experiments — 

Experiment A A fowl was inoculated mto both, bicast muscles 
with dibenzanthracene tumour tissue (FD/2) 11 days later there 
were two palpablo tumours , after another 13 days, w hen tho tumours 
wore largo, both legs wore inoculated with Kous sarcoma colls All 
four tumours were growing when tho fowl died, 38 days after the 
beginning of the experiment A paper-pulp filtrate (coll free) was 
made of the breast (dibenzanthrncene ) tumours tlus, on inoculation 
into three fowls, produced tumours in two of them Thcso turnouts 

joras or FAXiL — vor- am. 2 F 
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weie further propagated both by cell and cell-free inoculation, 
resulting in each case in typical Rous tumours 

It is of interest to note that the dibenzanthracene tumour (FD/2) 
grew much more slowly at the time of this expenment in 1934 than 
in later yeais This explains why theie was a longer interval after 
inoculation between the dibenzanthracene and the Rous products 
in this than m later experiments 



Here, then, is an instance of a dibenzanthracene tumour contain- 
ing Rous filterable agent, transmitted to it from Rous sarcomata in 
the leg, which was propagated, like Rous tumours, on the injection 
of a cell-free filtrate In this instance the cells of the original 
dibenzanthracene tumour were not inoculated In that case, from 
analogy with many other experiments (see expts B and C), a 
dibenzanthracene tumour and not a Rous tumour would have 
grown Figs 1-4 illustrate such an experiment 

Experiment B The following experiment also shows that the 
original dibenzanthracene tumour retains its own properties on ee 
propagation, even when it contains sufficient Rous filterable agent 
to give rise to a tumour of the Rous type . 

A fowl was inoculated, into the nght breast only, with, cbbenz- 
anthracene tumour cells (FD/2) Seven days later, Rous tissue ivas 
inj'ected into both legs After a further period of 11 days the fow , 
now bearing fairly big tumours in the nght breast and both legs, 
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fowl x 300 
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Fig 3 — Di benzanthracene tumour in a fowl 
produced by a cell inoculum from the tumour 
represented in fig I X 350 
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was killed Colls and coll-irco filtmto from the breast tumour were 
inoculated into otlior fowls as below 


1st generation 


2nd generation 


3rd generation 


4th generation 
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111 this case a typical Rous tumour was produced, in I bird out 
of 3, by inoculation with, a cell-&ee filtrate of the original dibenz- 
antliracone tumour , the cells themselves, however, produced dibenz- 
anthraceno tumours in 2 birds injeoted 

It is usually only possible to get evidence of the presence of the 
Rous filterable agent in the dibenzanthracene tumour when a Rous 
tumour is growing in the same bud In two experiments, however, 
there was evidence of the presence of the Rous agent in the second 
generation of both dibenzanthracene and tar tumours, i e tumours 
which had grown in birds which themselves had no accompanying 
Rous tumour This is illustrated in the next experiments 
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Production of Rous tumours from the second generation of chemically 
induced tumours by cell-free filtrates 

Iii the first experiment the tumour from which the cell-free 
filtrate pioduced a Eous sarcoma was of the dibenzanthracene type. 

Experiment C. A fowl was inoculated into the right breast 
muscle with tissue from a dibenzanthracene tumour (FD/2) Eight 
days later Eous tissue was inoculated into both legs The fowl was 
lolled 13 days after the second inoculation, when it had tumours in 
the right breast and in both legs Cells and cell-free filtrates of the 
chbenzanthiacene tumour were then inoculated into other fowls, 
and the experiment proceeded as follows 


1st generation 


2nd generation 


.Jrd generation. 


4tli generation 



It will be seen m this expeiiment that, in addition to the ous 
tumoui produced by a cell-free filtrate of the original di <oia 
anthracene tumour, another Eous tumour was produced by a ce 
free inoculation of a second generation dibenzanthracene tumour, 
although this tumour had never itself been m association wi 1 
Rous sarcoma 

In the following experiment an active cell-free filtrate 
obtained from the second generation of a tar tumour Ko ,IC 1V 
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filtrate was obtained from either the first or second generation of 
the dtbenzantb.race.na tumour m tho right broast of the same fowl 
Experiment D A fowl was inoculated on tho same date as 
follows 

Bight breast — 0 05 o e dibenzanthracene tumour tissue 

Left „ — 0 05 o c tar tumour tissue 

Both legs (intramuscularly) — 0 03 o o Rous tumour tissue 

Eighteen days later, when the fowl nos lulled, there wore largo 



tumours in both breasts 
There woro no motastases 

Jotnur o? PAIR — XLYI 


and fairly big tumours m both figs 
Coll suspensions and coll freo (Unites 
2i 1 
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ueie made from both the dibenzanthracene and tar tumours and 
injected into other fowls 

It will be seen (p 453) that, whereas the cell-free filtiate of 
the that generation of the tai tumour gave negative results 
on inoculation, that of the second generation produced a Rous 
saicoma 

In tlu& expemnent the following points may be noted 

1 The oiigmal bird earned three types of tumours, Rous m the 
legs, a dibenzanthracene tumoui m the right breast and a tar tumour 
in the left bieast 

2 Inocula of cells and cell-free filtiates from both the tar 
tunioiu and the dibenzanthracene tumour were injected into other 
fowls 

3 Injection of a cell-fiee filtrate of the original tar tumour was 
negative wlieieas an injection of a cell-free filtrate made horn the 
second generation of tar tumour produced a Rous sarcoma 

4 A coil-free filtrate of the dibenzanthracene tumour from both 
fiist and second generations was negative 

Of the many experiments earned out, expts C and D aie the 
only two m which it has been possible to show the presence of 
the Rous agent m the second generation of chemically induced 
tumouis by direct experiment. 

Regression of dibenzanthracene tumour and replacement 
by Rous sarcoma 

On tw o occasions an occunence worthy of mention has happened 
Dibenzanthracene tumours of the second generation, i e tumours 
glow n fiom the cells of dibenzanthracene tumours of fowls also 
carrying Rous tumours, after showing good growth, regressed and 
after legiession (in one case complete regression) other tumours 
grew in their place The second tumours were typical Rous 
saieomata in appearance and were readily piopagated by cell -free 
filtrates The following experiment illustrates this point 

Experiment E. A fowl was inoculated into the right breast 
muscle with dibenzanthracene tumour tissue (FD/2) Aftei seven 
days it was inoculated mto both legs with Rous cells and 14 days 
later it was lolled, when it had fairly big tumoius ui the ngu 
breast and m both legs Cells and cell-free filtrates of the dibenz- 
anthracene tumour m the breast weie then inoculated mto ot ici 
fowls and produced tumours The tumour grown from tho ce 
free filtrate was typically Rous in appearance. Of the two bir 
inoculated with cells from the original dibenzanthracene tumour, 
ono was of typically dibenzanthracene structure and could only 
propagated by celLs, not by tell-free filtiates. The second develops 
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tumours in both breasts, which regressed, that on the left side 
completely The tumour in the right breast did not completely 
disappear but started to grow again At death, this right breast 
tumour was of the Rous type and was propagated easily by eel! free 
filtrates The following diagram illustrates these points 
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The changes in the breast dibonzanthraceno tumour and its 
replacement by a Rous tumour can bo seen in the following tablo 




4 days after 
inoculation 

in 

m 


H 

4i tl&jg. 


Dlbcasanlhrao 

tumour 

COO 

Uoui tumour 

Inoculation with cells of 
dibonzanthracone 
tumour carrying Rous 
virus 

Right breast 

J.cg 

+ + 

T + 

+ 

* 

-r-r 

Left breunt 

>cg 

*■ 

+ J. 

+ 

% 

V? 


Xu another experiment whero the same kind of chango occurred, 
both dibonzanthraceno tumours m tho breast muscles completely 
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disappeaxed, as far as palpation could indicate this, and other 
tumouis grow winch, proved to be Rous sarcomata and could easily 

be propagated by cell-free filtrates 

It is important to note that in both of these experiments the 
original chbenzanthracene tumours m the breasts regressed, m one 
case completely, before new Rous tumours grew at the same site 
This indicates that the growth of the Rous cells did not kill the 
chbenzanthracene cells, but it does not exclude the possibibty that 
the Rous agent killed the chbenzanthracene tumour cells This, 
howcvei, seems unlikely, for dibenzanthracene tumours m fowls 
occasionally i egress m any case, and there did not appear to be 
any mcrease m the incidence of regression of chemically induce 
bieast turnouts a\ hen associated with Rous tumours m the legs o 
the same bird as compared with those growing alone 

An attempt was made to obtain chrect evidence on is 
point by injecting large quantities of Rous agent either in o 
dibenzanthracene tumours or into the blood stream of ow 
beaung these tumours The Rous filterable agent did not ma '0 
the (hbenzantliracene tumours regress, but m some of the bin 
m which it was injected directly into the dibenzanthracene tumour, 
Rous tunioui tissue was produced and the final tumours seenie o 
be a mixed growth of Rous and dibenzanthracene tissue 

On the whole, therefore, it appears that m the experunen s> 
descnbed above m w r hich dibenzanthracene tumours regresse au 
were leplaced by Rous tumours, the regression was not due to 10 
piesence in them of Rous virus, but that the process of regression 
liberated the Rous vuus fiom the cells and concentrate i 
sufficiently to allow the transformation of connective tissue ce 
to Rous saicoma cells. , , 

It seems possible that the transmission of Rous vuus o 1 
second gcneiation of chemically induced tumours may be niorc 
common than the direct experimental evidence indicates , °5> 

as mentioned above, only m two instances has it been 
bv direct inoculation to obtain evidence of the piesence o o » 
agent m the second generation of dibenzanthracene and tar tunioi » 
H«ul larger quantities of cell-free filtrate been used in these 
meats more positive results might have been obtained, but 1 
been the aim throughout this work to use the same technique a 
to inject approximately the same quantity of cell moc tun 
of cell-free filtrate in all oxpernnents (see p. 418) 

Discussion. 

It Ids been shown that where a fowl carries both chcmicn . 
induced and Rous tumours at the same time, the filtora o 
of the latter is transmitted to and taken up by the former, so ^ 
a tell-fiee filtrate of a dibenzanthracene or tar tiunour in*'!) o 
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oidinaiy Rous sarcomas Noimally, by the loutme methods 
adopted in this laboratory, a cell-fi.ee filtrate of a Rous growth 
pioduces a palpable tumour in about 14 days These facts suggest 
that the Rous filterable agent transmitted from a Rous saicoma 
to a dibenzanthracene tumour is attenuated, and that its power to 
multiply m its new habitat is limited 

On the other hand it seems probable that the amount of Rous 
agent demonstiable in the second generation of dibenzantlrracene 
and tai tumours can only be accounted for by its actual repioduc- 
Uon in this tumour If this be the case, evidence of its presence 
m tho third and later generations of dibenzanthracene tumours 
might be expected, but no such evidence has been obtained 
When a Rous tumour begins to glow and replaces the regiessc 
dibcnzanthracene tumour, theie is abundant production of t o 
Rous agent But the pornt at issue is whether the Rous agent 
multiplies m the dibenzanthracene tumour independently of Rous 
cells It may be true that when the Rous agent is present m t e 
second generation of chemically induced tumouis, some Rous 
tissue is piesont and the tumour is a mixed one Whether t s 
is the case cannot be stated with certainty, but if this ,s * e 
explanation, the amount of Rous tissue must be small ® 
question, therefore, whether the Rous agent increases m anl0l “ 1 
-while present m the dibenzanthracene or tar tumour mdependen } 
of Rous cell foimation cannot be answered on the basis of picsen 
know ledge. f 

In a later paper, evidence wall be given to show that mos i 
not all of the normal organs of a fowl bearing a Rous saicoma 
become invaded by the Rous agent m varying degrees, but are 
unaffected by it •* The same fact seems to hold as regaids e 
dibenzanthiacene and tar tumouis They also become a leceptac e 
foi the Rous filterable agent but are apparently not othei w ise 
affected by it There is, however, as will be seen later, one J o 
difference between a normal, chemically induced tumoui of a °" 
and the spleen or liver of a fowl carrying the Rous agent. Injec ion 
of liver or spleen cells containing Rous virus into anothoi °w 
produces a Rous sarcoma, w r hereas injection of tho dibenzantluaccn ^ 
or tar tumoui cells, although containing Rous virus, will pro uc ® ‘ 
dibonzantliracene or tar tumour. Cell-free filtrates of the ^ 
livor, or spleen, or of dibenzanthracene or tar tumours wi 
produce Rous saicomata „ 

These experiments show that a chemically induced tumoui 
bo mfected by a cancer virus agent and to that extent &U P" . 
tho view that McIntosh’s results may well have been due to si ^ 
an infection in his fowls carrying tar tum ours I ho res _ 

* llofer«.m.e uibnudc to theao cvpenmentd in tho 12th and 1 3th Annual K I* 
of tho Bntidi Empire Cancer Campaign (11)15 and 1930) 
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4. In Wo out of many experiments, cell-free filtrates made from 
tlie second generation of chemically induced tumours — i e tlio»e 
which themselves had no association with a Rous sarcoma in the 
same fowl — produced a Rous sarcoma (3rd generation) w Inch could 
be further propagated by cell-free filtrate. Cells of these chemically 
induced tumours, howevei, produced other (3rd generation) tumours 
of the same type as those originally chemically induced and these 
gave no evidence of containing the Rous agent 

5. In two experiments, second generation dibenzantliracene 
tumours of fowls regressed and new tumours grew m their place 
These new tumours were Rous in character and could bo leadil) 
propagated by cell-free filtrates There is no good leason to believe 
that the presence of the Rous agent actually made the dibcn/- 
anthracene tumours regress, as such regression may happen without 
the presence of Rous sarcoma in the same bird Injection of Rom 
filterable agent into a dibenzanthracene tumour will not make it 
regress, but may produce Rous sarcomatous tissue in it It appears 
however, that when regression took place, the Rous agent exerted 
its effect and produced a second Rous tumour leplacmg the 
dibenzanthracene tumour 

Mo^t of the expenses of this research were borne by the Yorkshire Council 
of tho British Empire Cancer Campaign, to whom my thanks are duo Other 
expenses were paid by the Medical Research Council. 
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inclusions in the libronia colls similar to those seen in tho myxoma (.<‘11'. By 
adding heat-inactivated myxoma \ nus to a filtiato of fibroma virus fieri y .uM 
Dcdrick ( 193b) could transform tho fibroma virus to that of tho my \onia, with 
its cluneal courso and fatal effect on inoculated rabbits. Lcdingluui (10371 
demonstrated elcmentaiy bodies by means of lugli-spced centrifugation ot 
suspensions of fibroma and studied by means of agglutination teats the 
serological relationship of tho myxomatosis and tho fibroma By filtration 
through graded collodion merabianes and by centrifugation. Sclilexuigor and 
Audi cues (1937) estunuted tho diameter of tho fibroma virus to bo 1 25-175 in,;, 
that is about tho «amo as that of vaoeuua. 

Tlio histology of tho filterable fibroma has attracted little* 
attention by comparison with its immunological and seiologic.il 
characteis The following account deals especially with the earlier 
stages of tho condition, the anatomical charactor of tho fibroma, 
tho occurrence of cytoplasmic inclusions in tho fibroma cells and 
changes m tho overlying epithelium. 

Methods and material. 

The investigation was carried out with tho OA strum (Andrew <s und 
bhopc), but in a few cases tho LA strain was used Tho ensuing account n 
based on the examination of 35 rabbits killed at different stages of the dc-ca-" 
Virus was introduced in tho form of 5 per cent suspensions of emulsified 5 
material, fresh or kept for a short timo m 50 per cent, glycerol Tor ultra 
venous inoculation suspensions woio filtered through paper-sand-pnper fiber', 
and collodion membranes (average pore ibamotor 1 38 /t)- 

Tissues used for lustologieal studies wero fixed m Susa, -onictunea 1,1 
formol, und stamed with h.eniatoxylm and eosin, haimatoxylin and vail 
Gieson and by the Heidcnlium-Maliory method. In addition the follow wc* 
staining methods were used • Woigert’s fibrm stum, Mallory’s phosphotunK*^'- 
acid-li.cmatoxylm, Heidcnhaiu’s iron haimatoxylin, Mayer-Sout ligate 
carmine, Mann’s stain, Sclmrluch It and Gicmsa. Smear preparation* w e 
stamed with Giemsa oi anilin blue. 


Clinical picture 

After inlracutamouH inoculation of I * 100 or stronger nitspcw 
sionx of virulent testis material a colourless or .slightly pinkie* 
papule Ls just visible on tho 3rd to the 5th day , with diluting 
of 1 1 U00 — l . 10,000 tho first visible lesion appears on the m 

to tius Sth (Lev. Tho edges of the papules, at fiist not l ,jjJ 
well defined become marked and sharp after u few iLxi'i 
nodules grow' progressively in all directions and appear -i 
week as elevated, circumscribed tumours with wall-like c ' ^ 
Sometimes tho firnt reaction appears .u a group of small n->< 
which soon betome confluent Tho nodules .ire «‘lw ws % 
movable over the underlying subcutaneous tissue fh*‘ ^ 
the tumour depends on the amount and strength of virus * n l * 1 
after the injection of 0*1 e e. of a 5 far cent, Ustis niisfait >,*>» . ^ 
m iviinmn sue of a tumour is oil tho average 3‘5 / 2-a ifu * ^ 
!-2 un In thi«.kue-*s Small tumours are most likely t*> tV * c ‘ 
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m small or poorly nourished animals The bigger lesions often 
spiead downwards m the direction aided by gravity At first the 
tumours have a rounded shape , at a later stage they are flatter 
Ten to eighteen days after the inoculation of virus the reaction 
lias usually attained its maximum and after a short stationary 
period the tumour rapidly regresses 

The overlying skm shows at first slight reddening and is tense 

and glistening csjiecially over the top of the tumour Soon 

sometimes after only a few days — the epithelium over the tumour 
shows a yellowish discolouration and slight dryness Often this is 
most pronounced at the periphery m the form of a thin yellow 
nng surrounding a central paler and duller area Almost regularly 
there appear small superficial hamiorrhages over the top of the 
tumour These changes often appear at the same time and to the 
same extent over small (virus dilution 1 1000) and over larger 
tumours If they appear early they will, during the later progress 
of the tumour, occupy its central part, while the periphery of the 
nodule is covered by normal epithelium The superficial changes 
gradually mcreaso and assume m most cases a pronounced 
hemorrhagic character , larger tumours often show a central 
umbiheated hannorrhagic scab surrounded by raised walls 

A central deepening of the surface is often the first sign of 
incipient regression, indicating early necrosis of the inner paits 
of the tumour In addition the margm of the hremorrhagic scab 
shows suppuration and almost regularly there appears during 
regression a demarcating inflammation of purulent character 
between the tumour and the surrounding tissue The tumour 
is consequently attacked from two directions, partly from the 
periphery, partly through necrosis of its inner parts The first signs 
of regression appear a3 a rule 14-20 days after the inoculation of 
virus and after a further 7-14 days the tumour has completely 
disappeared, leaving only a scab loosely attached to the skm 
Small tumours tend to disappear earlier than larger ones Only 
on very rare occasions doe3 the skm tumour persist for a longer 
tune , we have once seen a large skm fibroma, which only dis- 
appeared after two months Tumours covered by intact epithelium 
usually persist longer than those -with necrotic clinngos m 1 
overlying skm < 

The cut surface of the tumour is whito, moist or 
slightly bulging, with a hard rubbery consislenq^ “ | v > V 
part is often looser and moister thou tho IJJ „ 

regression the tumour tissue often assumes ^ i ^ •> | 

a soft consistency At the time of complete^ , 

is transformed into a thick, half '"' * V 

surface of the underlying iuumIi's ***■ 
occur 
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On epidermal inoculation after scarification Sliope obtained only 
inconstant results in the form of slight reddening and thickening of 
the slun of short donation In most cases, however, probably 
through using a stronger virus, we obtained more definite results 
The skin was scarified over a rather large area and the virus 
suspension heavily rubbed in with a glass rod until the skm was 
almost dry. On the 4th day after inoculation the skm showed 
slight reddening and cedematous thickening and m a few days 
the scanfied area was transformed into an elevated, intensely red 
fibromatous “ pancake,” covered by thin, glistening epithelium , 
often the skm was turned into thick, stiff folds Soon tlieie 
appeared small haemorrhages or yellowish patches in the superficial 
layers The regression of the lesion occurred through a shrinkage 
of the surface, which often became gradually covered by a thick 
scab, and through a purulent infection inside the tumour or at the 
edge of the surrounding tissue 

Shope (1932a) has given an exhaustive account of subcutaneous 
and mtratesticular inoculation of virus After intramuscular 
mjection the leaction appears first as a rather diffuse, whitish 
mfiltiation m the muscle but assumes later a circumscribed, hard, 
tumoui-like character The fibroma may be attached to the 
intramuscular septa but is often embedded in the muscle substance 
As in the skm, the consistency of the tumour during regression 
gradually becomes softer and the colour more yellowish, especially 
at the border The tumour produced after inoculation by any of 
these routes usually persists for a longer time than after mtra- 
cutaneous injection 

Intraperitoneal inoculation of virus is in most cases without 
effect but in one rabbit I obtained positive results. Aftei mtra- 
pentoneal mjection of 10 c c of 5 per cent testis suspension the 
animal gradually became emaciated, with loss of appetite and 
iv eight, and died one month after the inoculation In addition to 
a rather big nodule in the abdominal wall corresponding to the 
needle track the rabbit showed at autopsy an annular fibromatous 
tuinoui in the caecum close to the orifice of the ileum and obstructing 
the intestinal lumen In the mesentery close to the caecal tumour 
•was a hard irregular fibromatous mass The c tecum was filled with 
thick material, the rest of the intestine being thin and collapsed 
In addition to these changes, which indicate a deposition in the 
intestinal wall of virus at the site of injection, the under surface 
of the diaphragm showed dissemmation of small fibroma nodules, 
some of them confluent and for ming flat plaques They were white 
and of a hard consistency The positive result in this case was 
perhaps facditated by an infectious irritation of the peritoneum 
from the damaged bowel. 

Intravenous inoculation of virus is, in our experience as ui that 




466 


G G AHLSTEOM 


At this stage the tumour often has an inflammatory, granulo- 
matous appearance, due to the extensive cedematous exudation 
and abundant inflammatory cells inside and around it The liaid 
consistency of the tumour is apparently caused by the oedema 
and not by the piesence of' fibrils A histological resemblance to 
myxomatosis is obvious m many cases (fig 4) 

At a later stage, however, the tumours often assume a more 
neoplastic character microscopically (fig 5) The intercellular 
oedema is less pronounced and the picture is more cellulai The 
cytoplasm of the fibroma cells is increased and the cells are not 
so loosely arranged The nucleus is more irregular and the 
chromatm dispersed into a number of larger, deeply stanung 
blocks A fine mesh of intercellular fibrils gradually develops, 
chiefly visible at first in silver-impregnated or Mallory-stained 
specimens but later assuming a collagenous appeaiance The 
inflammatory cells inside the tumour tissue gradually disappear 
and are now chiefly localised at the periphery The tumour m 
this way gradually comes to consist of one type of cell, i e fibroma 
cells, and the varied cell composition of the first granulomatous 
stage is no longer seen This transformation varies however in its 
extent from case to case , sometimes it appears only m some areas 
of the tumour, sometimes the condition maintains its inflammatory 
character until regiession and only in cases where the tumour 
peisists for a sufficiently long time will the above described more 
tumoui-bke structure appear Owing to the degree of cedematous 
exudation skin tumours retain m many cases a fibromyxomatous 


appearance. 

The inflammatory reaction in the surrounding tissue is usually 
most pronounced in the subepithehal layer and is connected with 
changes m the overlying epidermis Owing to mechanical factors, 
especially the pressure of the accumulating oedema in the underlying 
tissue, the epithehum over the tumour regularly shows more or less 
pronounced degenerative changes m the form of an cedematous 
loosening of the cells, necrosis and vesicle formation The inflam- 
matory reaction m the underlying tissue is gradually increased, 
the thin capillaries show congestion, and small haemorrhages in the 
superficial layers of the tumour make their appearance The 
superficial necrosis m this way gradually assumes a haemorrhagic 


character In addition to these rather non-specific lesions, however, 
the epithehum in some cases shows a peculiar type of reaction, 
occurring especially in the downward projections, where it comes 
in close contact with the fibromatous tissue (fig 6) Here the 
epithehum sometimes shows a hyperplasia with, enlarged cells am 
in the cytoplasm of these cells appears a granular eosinophilic 
deposit In addition many cells show vacuolation of the cytoplasm 
and degenerative changes in the nucleus while some have undergone 
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At this stage the turnout often has an inflammatory, giauulo- 
matous appeal unce, due to the extensive oedomatous exudation 
and abundant mtlammatoiy cells inside and around it The luird 
consistency of the turnout is apparently caused by the (edema 
and not by the presence of tibnls A histological lesomblante to 
myxomatosis io obvious m many cases (fig 4) 

At ,t latei stage, however, the turnouts often assume a mote 
neoplastic chaiaoter microscopically (fig 3) The mtoicolluLu 
(edema i» loss pionounced and tlio pictuie is moro cellular The 
cjtopl.wn of the tibioma cells is mcteasecl and the cells aic not 
so looidy ananged The nucleus is moie niegidar and the 
cluomatm (hspeised into a number of laigcr, deeply stauung 
blocks A fmo mesh of intercellular fibrils giadually dovolopa, 
chiefly visible at first m silvei-mipiegnated or Mallory-stained 
spec unens but latei assumuig a collagenous appeaianco. The 
iniknunutoiy cells inside the tumour tissue giadually disappear 
and aie now clnefly localised at the periphery Tiio tiunoui in 
thm way giadually conies to consist of ono typo of cell, i e libioina 
(ells .Hid the vaned cell composition of the fust gianulomatous 
stage is no longei seen Tills transformation vanes liowevor in its 
extent fiom case to case , sometimes it appeals only in some aieas 
of the* tumour, sometimes the condition maintains its inflammatory 
clxai.utcr until xegiession and only m cases wlioio the tumour 
persists for a sufficiently long time will the above described more 
tumour-liko stiuctuie appear Owing to tho degiee of cedcmatous 
exudation slun turnouts letam in many cases a fibiomyxomatou.-' 


.ippcaiance 

TJio inflammatory reaction m tho suuounding tissue is usually 
most pionounced m tho subepitlielial layer and is coimectcd with 
* lunges m tho ovorlyuig epidermis Owing to mechanical factors, 
t .ipc( uilly tho pressiue of the accumulating oedoma m the underlying 
tissue, the epithelium over the tuiiioiu* regularly shows moie or h-' 
pionounced degenerative changes in tho foim ot an oedcinatous 
lousemng of the cells, necro&is and \esiele formation Tho inflam- 
matory reaction m tho undorlymg tissue is giadually increased 
the thin c ipUkmes show congestion, and small luemorrhagcs in the 
superficial lasers of tho tumour make their appearance ihe 
stipcihu.d ncctosis in this way giadually assumes a lncmorrhagie 
i iuractei In addition to these rathei non-specific lesions, Jiowerti. 
the epithelium m some eases shows a peculiar type of rc*.uti"». 


oi cur ring especially m tho clownw .ird projections, where it mmt* 
m clu-e contact with the hbromutous tissue (fig 0) Here the 
epithelium sometuncs shows a hyperplasia with enlarged cells an 1 
m the « ytoplasui of these cells apj>ear» a granular coninoplnm 
<h {k-u In addition many cells show vacuolatum of the cytophi-an 
-»rui ik jyut'i line changes in tho muieus while some have uud» rge**' 
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At this stage tin* tumour often has an inflammatory, gianulo- 
maloti-, apjaaianee, tiue to the extensive cuclomatous exudation 
anti abundant udlaiunutoty tells inside and mound it. Tito luird 
..onMstcm v of the turnout is apparently caused by the aulemt 
and not by the pic-tnce ot hbuls A histological icsemblunee to 
myxomatosis is obvious in many cases (tig 1). 

At a laiet stage, how e\ or the tumours often assume a mom 
ncopliitn diarattei microscopically (fig 5) Tito uitotcollid.tr 
ihIuiu is 1* -s pronounced and the pietiuo is mote cellulai. Tie 
ijiopl.<stn ot tin libroma cells is me teased and the cells ate not 
so loo lK artangcd The nucleus is mote incgular and the 
t hromnnn dispei sod into a nurnbot of larger, deeply stauung 
blot k- A tine mesh of intercellular libuls giadually doveiups, 
< ho lb visible at first in silver -impregnated oi Mulloiy-stuiiiwl 
-pu miens hut later assuming a collagenous appeaianco. The 
mib> mm vtoiy »eiis inside tlie tumour tissue gradually disappear 
u'd tre now clucily localised at the peuphery Tito tumour m 
ties ”...j gradually tomes to consist of one typo of cell, i.c. fibroma 
•tiU and the \aned cell composition of the fust giaituloiuatous 
- via is no longer seen Tins transformation vmics however lit it- 
i s.t< m from cu'O to case ; sometunes it appeals only in some areas 
f>i tm itunour, sometunes the condition mauitaius its inflaiumatnrj 
A.araUor until regiossion and only m cases witeio tlto turnout 
I'li -»st s for a sufliueutly long tune will the above described mom 
tutoour-liku stiiutuie appear. Owing to tho degree of ecdematmi' 
t vudation skin tumours lot.un m many cases a flbtomyxomatoit- 


apj i at .im c 

The inflammatory leactiou in the suuomulmg tissue w usually 
most pionounted in tho subcpithehal layot and is coiutected widt 
•li'iuis in the overlying cpuleruus Owing to mechanical Factor-, 
i jpe, sally the piesstue of the act umulatmg cudoma in the underlv ing 
li-iue the epithelium over the tumour regularly shows more or ft-- 
pionotmud degt iterative titangos in the foim of an (.edematous 
i.«.a'iunj» of thts tells, nectosts and vesicle foi mat tou. The mil cut- 
union naition m the underlain" Usstie is giadually imiiM!** , ‘ 
the tniu capdlirits show congestion and small iuemorriuges in 1 1* 1 ' 
>upt r ii< id levers of the tumour make theit appeararu e U <e 
»uj« rn< iat nurn-w m tltis wav gradually assume^ a iuunorrh ‘c’" 

* n no »• r. in additnm to these rather non-spec uie It -ions, Jiuvvev* f* 
the t p.tla hum in some c i-i s -liovvs a peculiar tyjH* of re-a' 1 "' 5 
"tiurrinj: esptindiv in the downward projections. a here* U 1 
at i! <«,uta. : with the ithioinatotts u-suc (fig *»j. Here* t*' 
ej .«.• hum i n.ettmcs -Uuv.s a hyjrt’rpkwa with enlarged "if 1 li ‘ 1 

ip • >vtopLu-m of the e ceils .p]*ar<» a grmulir » e»- , uoj 1 l*o 
■l t -j* in ahUtum m..ny cclla show va. uoivtiou of tb*» • • 

- 1 1 - - : itu.tr m the iiiuieu- win!* 4 om<* ha.c* undergo'* 
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comploto necrosis The changes aro of some interest in that similar 
but much inoro pronounced epithelial reactions are visible in the 
fibroma lesions of tho cottontail rabbits 

'L’lio first histological sign of regression of tho tumour is usually 
central nocrosis Tho tissuo hero status more faintly and the 
fibroma cells gradually undoigo necrosis without any characteristic 
pioeodmg cliangos Along with these mternal alterations mflam- 
matoiy clianges iround tho tumoui gradually increase and tho 
ncoplostio tissuo is mvadod Horn tho poripheiy and ospeciallj along 
tho vessels by mflammatory colls, cluofly leucocytes Later, 
neerotismg and mfiammatory cliangos aie mtonnmgled , sometimes 
tho somi-nccrotic tumour is tlirown off by moans of a demarcating 
purulent inflammation, leaving a granulating ideor, in other cases 
tho tumour is gradually absorbod Nocrosis of tho tumour regularly 
assumes in its supeihcial layers and sometimes also moro deeply a 
luemorrliagLC cliaractoi It is often possible to find a complete 
necrosis of tho fibroma without any infiltiation of inflammatory 
cells into tho tumour tissue, indicating that the former process is 
primary and tho most important process m the regression of the 
tumour 

After inoculation of virus by scarification the histological clianges 
appear m tho same nay os above described, the only difference 
being that the changes are localised to the superficial, subepithelial 
layers of tho skin The distended epithelium shoe’s cedema and 
vesiculation and m many colls a granular ©osmophiho deposit is 
visible Tho infiltration of mflammatory cells into the fibroma 


or 

cutaneous tumour Here also it is possible to distinguish a primary 
inflammatory stage, where the picture, besides a proliferation of 
fibroma cells, shows pronounced exudative changes m the form of 
oedema and scattered mflammatory colls inside tho tumour tissuo 
Here also tho origin of tho fibroma cells in the earlier stages can 
be traced not only to the undifferentiated mesodermal elements 
between tho collagen bundles, but especially to the surroundings 
of tho capillaries, which are distributed in groups m tho codematous 
tissue and obviously serve as centres for the proliferation of tho 
growing tumour Shope describes how masses of young connective 
tissue cells can be seen radiatuig from blood vessels and forming 
nodules about them The capdlanes are formed of swollen endo- 
thelium of much tho same appearance as tho fibroma cells, but no 
outspoken endothelial proliferation can be seen Owing to the fact 
that these tumours usually persist for a longer tune than the 
outaneous, they often assume a “ riper ” character the arrange- 
ment of the fibroma cells is more compact, the cytoplasm of tho 


mo is usually rather pronounced 

Tho histological structure of tumours produced after subcutaneous 
mlrateslicidar inoculation is mainly ns above described for the 
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cells more abundant and intercellular fibrils more numerous In 
the earlier stage the mtramuscular fibroma shows a diffuse mfiltiation. 
of the muscle, chiefly of inflammatory character , later the tumour 
is well defined but there is always a more or less definite inflammatory 
reaction in the surrounding zone Regression of the tumour occurs 
through the combined processes of necrosis and lesorption as 
described for the cutaneous tumour 


Cytoplasmic inclusions m the fibroma cells 

With special staining methods it is possible to demonstrate the 
piesence of characteristic inclusions in the fibroma cells Most 
useful in this lespect is staining with a mhn blue according to 
Mallory’s method (Heidenhain’s modification) With this method 
theie appear in the fibroma cells dis tinc t cytoplasmic inclusions 
m the foim of blue granules They are not visible in the earhest 
stages but may already be present in week-old lesions as very small 
granules in single fibioma cells, visible only with the oil immeision 
lens The inclusions gradually increase in size and number during 
the development of the tumour , they appear m more and more 
of the cells and reach their maximal amount just before regression 
At this stage the fibroma cells, as mentioned above, have a moie 
abundant cytoplasm than before The type of the inclusions 
vanes m some cells they appear as single or numerous small 
granules (fig la ) , in others the granules are bigger (fig lb), while 
yet other cells contain still bigger homogeneous droplets, apparently 
originating from confluence of granules (fig 7c) Several types of 
inclusions may occur m one and the same cell The inclusions do 
not show any typical localisation in the cytoplasm they may 
appear at one or both poles of the nucleus or around the nucleus 
01 m the penpheral cytoplasm Nor do they show any typical 
arrangement apart from a certain tendency of the small gianules 
to accumulate and collect into bigger droplets The amount of 
cellular inclusion gradually increases during the development of 
the tumour and is theiefore in some degree an mchcatoi of the 
age of the fibroma It follows from this that the inclusions arc 
very sparse in fibroma lesions of short duration but may be seen 
m large amount m animals with slowly legiessmg tumouis I 11 
these the inclusions appear as bigger droplets, clearly visible with 
lower magnifications They are consequently rather numerous m 
subcutaneous or intramuscular lesions, since these often persist lor 
a longer time 

In eosm-stained sections the laigei droplets are often visible 
tluough a seep » ■ ly empty halo, but they do not differ in their 
colour ft on; * > runcling cytoplasm , only on rare occasions 

some oi droplets assume a pmk colour, the smaller 
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granules (c) inclusions in form of bigger droplets, filluig tho cytoplasm Azocarmmo 
Mallory X 1250 
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granules aio not visible with this inothod of staining The same 
applies to van Gieson stained sections, where only the larger 
droplota show a slight yellow-brownish colour, and oven these 
do not stand out clo.uly Tiio inclusions ore distinctly visible m 
sections stained with motliyl violet (Weigort’s fibrin stain), until 
uhicli they assume a dcop violot colour Many are stained deep 
black with Hoidcnlunn’s iron haunatoxylui and assume a red-violet 
colour with Mallory’s phosphotungstio acid kaunatovykn With 
Mann's stain tlioy aio stained palo blue Mucieamime is negatne, 
as aro staining with Scliarlach R and impregnation until sdver 
On examination of fresh preparations of fibroma tissue the 
ovtoplasm of tho fibioma colls appears filled with small granules 
If tho preparations are inodo from advanced fibroma lesions there 
appear amongst these granules dear, rounded, apparently homo- 
geneous mosses of a vacuole like typo, which in size and distribution 
correspond to the inclusions obsori cd m stained specimens In supra- 
vital stauung until neutral icd tlioy assume a brick red colour, more 
mtenso than but of tho same quality as that of tho smaller granules 
Supravital stauung with trypan blue is negative, indicating again the 
basoplidic naturo of tho inclusions Supravital stauung u ith Janus 
greon is negative 

Smcur preparations fiom the tumour tissue, stained with Giernsa, 
do not show theso oytoplasnuo inclusions Tho cytoplasm of the 
fibroma colls apipoara by tins method to bo foamy and filled with 
vacuoles of varying swo and of a slightly paler colour than the 
surrounding cytoplasm In addition there appear in some fibroma 
cells very small acidophilic granules and single cells may show 
irregular acidopluho bodies, apparently composed of tho smaller 
granules Tho aoidopluho inclusions are only visible in smgle cells 
.and do not show any regular occurrence They are described bj 
Hydo, who suggests a relation botween thorn and the virus 

IA lesions 

Androwcs (1936) has given a thorough description of the lesions 
produced by the IA strain m the testis After mtraoutnneous 
inoculation the IA virus produces a slight reddish papule, rithei 
similar to tho early OA lesion It does not develop howevoi to a 
circumscribed elevated nodule but remains rather flat and assumes 
after a few dayB a yellow colour, especially in its central part 
With this the reaction gradually subsides, somotimes small 
lisemorrhages appear and after a fow days the reaction is reduced 
to a dry, yellowish area which soon disappears Microscopically 
the condition has the oharaeter of an codematous inflammation 
with a gradually lncroasmg number of leuoooytes As distuiguishod 
from the OA lesion there is scarcely any proliferation of fibroma 
cells and tho picture is that of a purely inflammatory lesion 

mot* or MTir-von. mti 2o2 
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Inoculation of fibioma virus after local blockage of the 
? eticulo-endothelial system 

The earlier stages of the infectious fibroma show a proliferation 
not only of undiffeientiated connective tissue cells between the 
bundles of collagen but also of the histiocytes around the capdlanes 
and to a certain extent of the endothehal cells, indicating that the 
action of the virus is directed against the undiffeientiated 
mesenchyme in its widest sense Ledingham (1927) has shown 
that the mtracutaneous response to the vaccinia virus is modified 
m degree or completely abohshed if the virus is inoculated m 
conjunction with india ink or superimposed on a site previously 
infiltrated with an ink suspension In order to see if the same 
apphed to the infectious fibroma virus, two rabbits were inoculated 
mtiacutaneously with india ink in increasing dilutions from 1 8 to 
1 2048 and two rabbits with trypan blue in dilutions up to 1 256 , 
5 hours later the same spots were injected with fibroma virus (0*1 c c 
of a 5 per cent suspension of testis diluted 1 100) The 
accompanying table shows the results. 


Table 

Delaying effect of previous injections of india ink and trypan blue on the 
development of the virus reaction 


Virus super- 
imposed on 
ink diluted 

Days after inoculation 

Virus superimposed 
on trypan blue 
diluted 

Daj s after inoculation 
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A delaying effect on the vnus reaction was visible m both ink 
and trypan-blue experiments, especially the foimei, where the 
leaction was inhibited m areas injected with the stronger ink 
suspensions It seems reasonable to conclude that the functional 
activity of the local reticulo-endothelial system at the place of 
inoculation is of importance for the leaction, and m conjunction 
with the histological findings in the early stages of the fibroma 
the results may indicate a primary attack of the vnus on elements 
belonging to this system 
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cells from the surrounding medium, which, would be m accordance 
with the origin of the cells from the undifferentiated mesenchyme 
with its high phagocytic power Hyde, however, from experiments 
with trypan blue, denies that the fibroma cells are endowed -with 
phagocytic properties Finally, and most probably, the inclusions 
may represent degeneration products of the cell, gradually accumu- 
lating in the cytoplasm It is possible to arrange the virus diseases 
in a continuous series from those m which the virus causes necrosis 
of the affected cells to those where the effect is cell proliferation as 
in the Rous sarcoma If the infectious fibroma represents a 
connecting link between these two extremes the occurrence of 
these cytoplasmic inclusions may indicate that the effect of the 
virus on the cell is to cause degeneration as well as proliferation 


Summary 

The histological structuie of the infectious fibroma of the 
rabbit show s both inflammatory and neoplastic features , the early 
stages aie chiefly granuloma-like, whereas neoplastic features 
dominate the later stages The fibroma cells originate not only 
from fibroblasts but also from perivascular histiocytes and 
endothelial cells, groups of young capillaries with hyperplastic 
endothelium serving as centies for the proliferation of the young 
tumour The fibroma cells show characteristic basophilic cyto- 
plasmic inclusions increasing in amount and m size with the age 
of the tumour The epithelium overlying the mtracutaneous 
fibioma shows inclusions in the form of eosinophilic granules and 
sometimes also hyperplasia Regression of the fibroma occurs 
tlnough a combination of necrosis and resorption, of which the 
former seems to be primary 
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cells from the sunounding medium, which would be m accoi dance 
with the oiigrn of the cells from the undifferentiated mesenchyme 
w ith its lngh phagocytic power Hyde, however, from experiments 
with trypan blue, denies that the fibroma cells are endowed with 
phagocytic pioperties Finally, and most probably, the inclusions 
may represent degeneiation products of the cell, gradually accumu- 
lating in the cytoplasm It is possible to arrange the virus diseases 
m a continuous series horn those in which the virus causes neciosis 
of the affected cells to those where the effect is cell proliferation as 
m the Rous saicoma If the infectious fibroma represents a 
connecting link between these two extremes the occurrence of 
these cytoplasmic inclusions may indicate that the effect of the 
virus on the cell is to cause degeneration as well as proliferation 


Summary 

The histological structuie of the infectious fibioma of the 
labbit shows both inflammatory and neoplastic features , the eaily 
stages aie chiefly gianuloma-kke, Avhereas neoplastic features 
dominate the later stages The fibroma cells originate not only 
fiom fibi oblasts but also from perivascular histiocytes and 
endothelial cells, groups of young capillaries with hyperplastic 
endothelium serving as centies for the proliferation of the young 
turnout The fibroma cells show characteristic basophilic cyto- 
plasmic mclusions increasing m amount and in size with the age 
of the tumour. The epithelium overlying the inti acutaneous 
fibioma shows inclusions m the form of eosinophilic granules and 
sometimes also hyperplasia Regression of the fibroma occurs 
through a combination of necrosis and resorption, of which the 
formei seems to be prunaiy. 
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on the physiology of the pancreas 

Case report 

' Glmtcal Hutonj The * a gul - 

sr ^ 2«sr£ 

ISXg by herself, helpless mfaiy She W. 

had teen under contmuous medieal P frultj but in spite of tins 

voracious appetite with a particular ld^ g ^ been bulky or greasy 

exhibited habitual constipation ** particular she had nevei been 

andshehadsufferedno recogmsable dhiesse ^^ p&le and ^der weight, 

jaundiced On admission she was f °“\ Qr evld ences of active disease 

but exhibited no gross physical; ^Trimrrhcea and vomiting which cleared 
On 27th July she had an attack of ty p 1C al attack of chicken 

up m two days On 16th August she devetoped ^ necessltate d frequent 
pox Duimg this illness her constipation was August signs 

enemata and, later, daily admmistration of mistjlb ^ ^ gen eral 

of bronchopneumonia developed but s | Se p tem ber there was an 

condition was improving steadily when 011 * of pulmonary con- 

abrupt rise of temperature to 102° her stools are 

solidation Two days later her bowels b ^ day her bowels were 

recorded as having been yellow nndpomd^ O for the next 5 days, after 

opened three tunes and they remamed rathei^ ^ ^ death on 13th 

which they returned to normal an chemically, but durmg the P e " d 

October The feces were never ^ammed chem ^ ^ establish ed 

of relaxed motions the absence of specific bacterial 

byCUltUr6S * The body was undersized and 

Post-mortem examination me do y im perfect 

wasted, the brain small and the « onvolu ^J r ^ The lungs 
The pituitary gland was normal in size an PP wltll are as of 
contamed numerous abscesses m o o ^ wag a t r ophic and 
bronchopneumomc consolidation T ^ normal In the 

the thyroid slightly reduced m size butotl® o££att y 

abdomen the most obvious feature was ^ £act that lt sank 

change in the liver, as can be gauge discovered m the 

only gradually in water No abnormalities were oi 

alimentary canal, kidneys or adrenals UoWj ghstening, sen»- 

The pancreas presented an unusual pa y , larger than 
translucent appearance Its sine was * “f fi J lobular 
normal, and it possessed the usual shape nni lt was 

markings It floated buoyantly in ^^ ^apedieplacement 
apparent that httle if any pancreatic tissue h J ^ Wirsung s 
by adipose tissue (fig 1) No cakuh ' had been remove! 

duct was not dilated Unfortimately the mgan^ was 

from the duodenal loop before the sig ducts of Wirsung 

appreciated and the patency of the openings of a* ^ ^ 

and Santonin mto the duodenum had not been 
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ADJP0 ^ Nr ot , nw , ,, 

ta * obstructed, but ^ t '> >' ™ f-U, d 

condition of „ 8 duodenal tcnuLt.on £1^’ “' “' ,,,, ' U " 


Histological cawunahon 

« 

Mils not tmrprwiug m uoft of th« Lental iml'’i> ! ’"""‘I ’ 111 *' 1 
child, a\ lucli necessitated iU being ful ) U w hut °! t,U ‘ 
idvanced grade of fatty change (fag ») unhmit , »! , 'T ' 1 
necrosis, bilo stasis or infection " 0 'ntuiw* of 

Puncrea * A section icrovj tJio htad of the miun-x* n . , 
exhibited mamty adipose tissue m u lin h «i ru imbedded f.,,. ^ ,! 
collections of gland acini and unm iduuU „f j.,,, tfJ a " ‘ ,l 
hirgest coltectum of non found m un ecu, on «. ,££? u 7 J’u 
mm, but most n ere much smaller m ,l ott.n ioicMuI of t« J ' 
three mm only ilioy were sightly more fn.,. lM ,i mmiul 
mam dints ami thur bntKhca uul jnrtuul irlv in tiu un, r » 

i , '« Mr - < ..i « .1 

scarcer and ofu u complete ly ah* lit 01 ( r largo in. i, \\ ( lt „ , 

the ncim were nearly ilwayuatt nlied to the isluuta off , 

All ducts aero embedded m a sightly nun nul , t iiiuum ofiiUi,’ 
tissue, but non here iIm. a \s there any oidiim ofldmi.w „ r ,,f 
exeess of loose eoumctne tissue* TIil i e-ctihrity oft| 1( ,„ r , * 

reelm cil hor the most jurt tho e-f md< of l.m.trh ms M l,[t 

thstiiiguislmlilo from acin ir tissue but in many jib, , , „„ ,jj , (| |j u ( 
of cells of iiidetermin ito ty |x uerepnseuf ' f lie muulnr , f i.tmt? 
por &<j mm w w found to Ik 1 17 iitH it tl j u ^ /p ^ 

tho ftuuru usti ill} found m l he Uunii d d uni in «ui <» r "\. .... V 
V Mimlirh men ix.cl f*r unit m * (I #* r fJif 

was noted b\ Cluko mil lluNuM {V**i j * 

<’c«lemo uf.ui iinnosed tot d iiuuiber ufMmtt. m ti j t , 

Jiroli itile limit u r licit tlur i.timite 11 Iki \i 4s [ Mv j , * (lJ 
Mil lolls in nlu*h e »■* tbt linn i < ins fs- ti „ i d „ ' 

only uid due to tli ,n .l.r -fumJ, ubuh Hu, I, , r \t 
Jiunr. is uuuM nnd.rgo m t'e <um- of I, j nj « , s , ,, ' r , 

sullun. CS loll! Jurist Ulih (111 llmmit ^'o,) ), , 1 ^' _ r 

shglitls mole’ nunureu. in tii till timi nt li • , j i , 

■lid ties ij>j» ir liij" rjdi’ti^ **n,» t> It,, 1 i . , ,, ' 
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most were much smaller The average mean diameter of 50 con- 
secutive islands was 113 p, the range being from 42 to 202 p These 
measurements aie m accord with the normal dimensions None of 
the islands examined showed signs of sclerosis or hyahmsation and, 
though the application of Bensley’s staining technique was not 
highly successful (autopsy not performed until 24 hours aftor death), 
the granulai nature of most of the cells could be distinguished 


Discussion. 

From these observations there appeals to be no doubt that 
this child had hved foi some tune without the aid of the external 
pancreatic secretion to assist in its digestive and metabohe piocesses 
In tins lespect it represents the human counterpart of those amnia s 
in which the duct of Wirsung had been hgated It is theiefoie o 
inteiest to see w hethei the case sheds any new light on the mechanism 
by w Inch metabolism is effected in the absence of pancreatic fermen s, 
and also to see to what extent, if any, the condition contributes o 
the early death which usually occurs in human beings so affecte 

Befoie discussing these problems we may consider whether icr<j 
is any evidence as to tune at which the duct obliteiation occuriec 
and the method of its production The fact that the fat-rep acec 
pancreas lias letained its normal configuration and size sugges s m 
it did not occur dumig eaily foetal life On the other hand it mm* 
be icmembeied that both in the experimental animal (MacCa ui 
1909, BoldyiefF, 1933) and m some acqumed cases of ealeu cm* 
obstruction in human adults (Dillon, quoted by Zeckwei , 4cc ^ utr ’ 
1934) the pancieas imdergoes consideiable atiopliic slumkage 
well as fat replacement Too much unpoitance theiefoie s ou 
not be attached to tlus finding Fuither conflicting evidence oi 
this pomt is piovided by the fact that m the case of Tiling, " ll< ^‘ 
appears to be an midemably congenital example m a chi t ^ 

7 month*,, tlieie was pionounccd atrophy and no fat loplatcnuu , 
wheicus m Claike and Iladfield’s case, a child of 4 yeais m w 101 ^ 
the condition ceitauily dated from early infancy, if mdecd i 
not of (ongciutal origin, fat leplaccment was the essentia m 
atiopliy a mmoi featuie , t 

In the present case tliciefoio it is possible that the <l 
obstruction started soon after butli. The fact that there is 
iccord of any dines-, winch might bo legaided as causative supp° 
the view of a \ery eaily commencement of the duct oblitera i » 
partuulaily a.-, the continuous methc.il *>upei vision necessita e . 
her mental *,t ate renders it unlikely that such an illness vou t • 
been missed The* absent e of diffuse fibrosis of the organ sw- 
ouurs in «ast-> of udlammatory obhtuation of the duet ( a . 
I-t ulot Migct and Gauthier-Villari 1933) is also in fa\our o 
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early obliteration protean, probibly in the nature ui i lontuuiit eti 
m post-fatal life of i eongemt il stcnosuig or itresiu prom >t, „iil 
the jouth of the child at de ith further strengtlic is the, it im 

Our knowledge of the mechanism of nmtnbolisiu in the ft* n , 
of tlio external pancreatic ferments is biaeil upon the txpinnn ml 
" orli of Allan Home Mneleod and Robinson (103 l) and Her ! iv 
and boskm (1931) fhe former shotted that depamn itio d dogs on 
a controlled diet ind ui spite of controlled insulin idmuustritio i 
thed with extreme fittv elcgencr ition of the liter in from 1 to x 
months the latter tint an adnpuie a»iimlttion of prelims mil 
fats could he m tint tilted if large quintitus of food turtt gum utd 
that the de ith of tlio inuiuls i oulil bo prevented if the diet im bull d 
pliospliolipins such as hcitlim to ml the liver in its me iholisitt of 
fats It is presumed that tlio protcuis anil fits are broken down l>v 
ferments m the stuuis euteneusOrbj Im tend letiuu ttiilun the 
intestine or both lo thus extent then fore the pre-eiil e t »t iiu n It 
eoniirms knowledge gained from these ininnl cxpiruuiuta lhe 
child s \ or u ions appetite (she had v mixed diet tt hull would uuludi 
lecithin mil other phnspholipuis in smh it tie let is mdk and t^^s) 
mul lxidit v for fruits must luxe ensured the int ike tud muml a in t 
of a siUlu nun j of ill ilu iu ce v>arv food ilenunts Our tti 
liotteter presents one imnsii d A itmv tic the coiupli te* ih-s me 
of gieisy sIikiLs vtlutli in lath the other monied m\i m< d (,.r 
ehililhood) cases constituted tint ill nil e Inui il ividt Ilex of a eli-turb 
mile of j) inert at tc actmtv Wlutlnr this w is due to in intent 
superior fit splitting |x»tu r of the suu uicnti rti us or to v pu*i i fully 
hpolvtn b.ictcn il ilorv in the intestine Ls now tuifortiu >lc'v lot 
cap tide of investig it tun 

The tie ith of dcparicrc itiseel dugs kip’ iind< r i out ruled ci nliu 
udmmistr itum (All iu it u/ ) w is shown to Im luoiighr il out in tin 
same w iv is in the hep itcitoiue-i d uumdiol Minn ml Mu, th 
(103 1) In dl the p inocatci tomw d iiuiniU dc,ih outers in 
liepitie. failure with lijpoglu inn anel it j«nt morn ui II < hu t 
tire fomtil to lie ixtruiulv fittx often tout >miii n w mile it i» ue> 

19 per rent uftliiirelrv weight <iff»t 1 \»etl\ similar *u di e- - 1 •'< 
lice n n port* <1 in most of the hum in i isiufm r > nit d fir »i Ij no fj 
p mi re it n duet olistrui tion Ihtti 1 thugs ml iCukaer* no 
were livpuglxeamn be fme <le ith ami • xtn n,c f itte , i. o ./ s m ti - 
liver wire out st Hiding A tliuxs in l!u j«»st i. I'mi U de ,i in 
1 1 irke mil 11 illtield » md tiling s i io * In II e j s c i' n « tb 
fvttv ■ h m 9 e ui the live r h is leCn t u nit tel ,ndtl i Ji Iifi • 
proof of hvjMiglviJ till i Ufotr lit till it ls of in * te * to t te tt *1 t 1 - 
phj'iruu atteililin., the ihdd is te JsUted hi the -aid -• > oi i , 
ori'ereilgluioet oliuim»trilion is it i ipjs -.tai t tfl'c I it * a' 
linn fe< l tt wes e rung out fer ..hto ll> a- i t> ■■ -> I 

«s to flippt rt the views e e] te e-d bv Hi he u|X i i /rf , i' 
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?! 1 otheis that hepatic failuio is the potential clanger in the* 

It is tiue that mtercuuont infections have usually been indent m 
tlie lecorded eases and have pionded convenient dingiuMs for 
piu poses of death certification, but it is lngldy probable that the 
leal role of these mfections is that of piovichng by then tbvie effect, 
the initiating stimulus to the degeneiative process m the liver uliicli, 
I in er eimg with liepatic function, leads to a piogiessive acetuuu- 
lation °f fat in tins organ and so to eventual lopiession of Ks poner 
of mobiusuig glucose, with death m hypoglyciemia 

In conclusion it appeals justifiable to suggest that wlulo the 
examination of these human cases confirms the conclusion, bi«ed 
on amma experiments, that mammahan metabolism can be earned 
on e ectively in the absence of the external pancreatic -secretion 
lore is non sufficient evidence to indicate that in human beings 
hepatic failuie is an ever-piesent potential clangor and one nluilib 
m ) e to be eonvei ted mto a serious actuality by any lesion such as 
an intei ciu rent mfection w liich places any further sham upon the 
n ex If this conclusion is accepted it follows that in all c,i->es of 
us hind the effect upon the liver of any internment infection 
s mu c immediately be combated by the adnu initiation of gIiuo,o 


Summary. 

A case is clesciibcd m a cluld of I yeais of massiv'o fat lepIaLCinwii 
ot the pancieas, with survival of the islands of Langoihan, The 
condition is behoved to have been piesent fiom birtli or early infant V 
ie case is discussed in the fight of tho lcsults of oxpeuincntai 
< epancreatisation and hgation of tlie mam panel eatit duct,, and 
1 10 conclusion is drown that while tho mechanism of maintuinuiif 
me ta ohsm is piobably the same in human beings os m expenmeiital 
animals, there is icason to behove tiiat in man hepatic failuie i, * s _ 
moio serious potential complication and that tho only dcatli «t 
most if not all of tho lecorded cases has been conti ibutul to or 
actually caused by this complication. 

I have much pleasure m acknowledgin'' un mdebtedue-, to tl*«. ** 

and tho Medical Superintendent (Dr K Berry) of i. toko Park Colony, HrwtoJ. 
for pcim^ioa to make uso of tho record, of thw ease, and to Dr K. 

K C b , for hi, \ aluablo assistance in providing clinical detail - '. 
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and otheis that hepatic failuie is the potential danger m these eases 
It is tiue that intei cun ent infections have usually been pie&cnt in 
the lecordcd cases and have provided convenient diagnoses for 
ptu poses of death ceitification, but it is highly probable that the 
leal role of these infections is that of providing by then- toxic effects 
the initiating stimulus to the degenerative process in the liver vluch, 
by mterfeimg with hepatic function, leads to a progressive accumu- 
lation of fat in tins organ and so to eventual lepression of its pouei 
of mobilisuig glucose, with death in hypoglycseima 

In conclusion it appeals justifiable to suggest that w 1 o ie 
examination of these human cases confirms the conclusion, based 
on animal expeiimonts, that mammalian metabolism can be carnei 
on effectively m the absence of the external pancieatic secretion, 
there is now sufficient evidence to indicate that m human lemgs 
hepatic failuie is an evei-piesent potential danger and ono w uc ns 
halile to be conveitcd into a serious actuality by any lesion sue « 
an mtei current infection winch places any further stiam upon 
liver If this conclusion is accepted it follows that m a 
tins land the effect upon the liver of any intei cui lent m ec 
should unmediately be combated by the administration o 0 uc 


Summary. 

A case is desci ibed m a child of A years of massive fat upln c 1 
of the pancieas, with survival of the islands of Langci 
condition is believed to have been present from birt 1 01 eai y ‘ , 

The case is discussed in the bght of the icsults o ex P e *\ j 
depancreatisation and hgation of the mam panciea ic u » 
the conclusion is drawn that while the mechanism o J1U . ^ 

metabolism is piobably the same m human beings as m exp ^ 

animals, theie is leason to behove that in man hepatic a ^ 0 j? 
moie serious potential comphcation and that tho eai \ 
most if not all of the lecoided cases has been con 11 m c 
actually caused by this comphcation 

I have much pleasure m acknowledging my mdebtedues. to tbo 
ancl tho Medical Superintendent (Dr K. Berry) of Stoko p Uv-k 

for iiennisaion to mako use of tho record* of this case, an 
F R C S , for his valuable lu^istunco in pioviding climcal < <- 
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exhaustive, were carried out with this objective Owing to the 
difficulty of seeming sufficient quantities of suspension fiom suitable 
cases, experiments in which a combination of suspension and 
stieptococci or their pioducts was used have of necessity been 
limited, particular attention bemg given to testmg the possible 
infectivity of the suspensions. 

Material and methods 

It was obviously of the utmost impoitance that the rheumatic mateual 
selected should offei the gieatest chance of piovidmg a supply of virus bodies 
in maximum profusion, i e it should be obtained as fresh as possible and from 
highly active cases In rheumatic fevei it had been observed that suspensions 
propaied from pericardial and pleural exudates contamed these bodies m 
greatest number and m appaient purity, and for agglutination tests tlicao 
weie found to be the most satisfactory source of material. In a largo pro- 
poition of the present experiments, therefore, these wore used, but in two 
instances synovial membrane and joint fluid from an early acute case of 
rheumatoid aithritis were employed 

The technique used m the preparation of suspensions has been described 
elsewheie (Eagles et al ) and with slight modification was used in infection 
experiments The whole deposit obtained by high-speed centrifugation of 
exudates, from which cells and debris had previously been removed, was 
incorporated in eithei normal saline or the supernatant fluid of the specimen 
from which it had been obtained Washing the deposit and differential 
centx lfugation weie not carried out In some instances exudates wore injected 
without previous manipulation Nodules were macerated in saline and tho 
supernatant fluid used aftei lemoval of cellular debus by slow ccntnfugation 
(3000-4000 r p m ) Fluid for injection was obtained fiom synovial membiano 
from rheumatoid arthritis and from fibrin either by mncoration and gnndmg 
or with the aid of a tissue press Cerebrospmal fluid from fatal cases o 
lheumatic fevei was also utilised 

As far as possible material for injection was obtained from active cases o 
undoubted rheumatic disease and when theso were fatal tho diagnosis was 
confiimed post mortem As short a time as possiblo elapsed between procuring 
the specimens and animal inoculation but this was of necessity vai mble 
Suspensions weio tested foi bactenal growth but the inoculations wero carriei 
out before tho lesults were available They woro also examined by dark 
ground illumination and in stained film preparations foi tho presente o 
\irus-ldic bodies In a number of instances agglutmation tests wero u“ u " 
with a portion of the suspension after suitable manipulation to secure men 
dispersion of tho particles 


Animal experiments 

The choice of a suitable cxpeiuuental animal which might protc 
susceptiblo was difficult, particulaily in view of the fact that mos 
laboiatory animals have at one time or other been niiMicceasfu \ 
tested with lheumatic materials Some indication of suseeptibi it\ 
to a nat in ally occumng type of articular lheumatism has hem 
descubed in domestic animals by Hutyia and March (1917) hut it 
not ccitam tliat the infection is stiictly comparable to the human 
disease Cattle ate most fiequentiy affected but it ocvuia aJ><> 111 
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horses, swine, goats and sheep and aery rarely in dogs In cattle 
the conditions under wlueh they are kept seems to exert a pro 
disposing influence, the disease appearing only in animals confined 
indoors over long periods Grazmg animals are very m&equently 
affected In addition to joint inflammation, vorrucose and nloera 
ti\e endocarditis, sero-fibrinous pericarditis and peritonitis are 
described The disease is said by these authors to bo favourably 
influenced by salicylates It would appear, therefore, that theso 
ininials should ho suitable for the experimental production of 
rheumatic disease and have boon so used by some investigators 
'their uusuit ihihty in our case lay in the difficulty of maintenance 
under laboratory conditions and m the fact that sufficiently large 
quantities of inoculum wore not available Wo have used instead 
young Macacua rhesus monkeys in their first dentition and in one 
uistanco a young Macacus cynomolgus, because of their generic 
relationship to the human species, the ease with which they may be 
procured and maintained and them proved susceptibility to experi- 
mental infection with a number of viruses affecting man 

Inoculations were given intrapericardinlly, mtrapentoneally, 
intratracheally , intramuscularly, into the joint oavities, into the 
nasal mucosa and, on one occasion, intravenously Intrapencardial 
injections were given under full aiuesthesia and with thoracotomy 
By tlus procedure it was possible to secure the parietal pericardium 
with forceps and ensure that tho inoculum was given into the 
pericardial space The operation was tolerated surprisingly well, 
tho animals bemg perfectly well and active m a few hours The 
wound healed by first nitontiou and, post mortem , little trace of the 
ojierative procedure was evident 

Wo have attempted to produce infections with rheumatic 
suspensions and materials alone and also in conjunction with 
streptococci and streptococcal products, mainly toxin Tho toxin 
used was of high toxio value and was prepared by the Burroughs 
Wellcome Laboratories by the method of O’Meara (1934), using the 
strain Doolies, NTS It was, therefore, predominantly exotoxic 
Animals were observed over a period of seveial months for 
clinical signs of infection Frequent electrooardiograpluo 
examinations were made and in recording these the Bame abbrevia- 
tions have been used as for the normal human curve Tempeiaturo 
observations were not recorded throughout beoause these were 
found to be extremely variable even in normal control monkeys, 
which made their interpretation difficult and of doubtful value 
Erythrocyte sedimeutation rates (BSE) were observed in most 
instances, the method of Payne (1932) bemg employed, except that 
in our experiments venous blood was used At varying periods 
following inoculation animals were killed, post mortem examinations 
made and sections prepared 



4S4 


EAGLES, EVANS, KEITH AND FISHER 


Results 


Monkey no. 1. M rhesus 22 11 35 ; deposit from 20 c c pericardial 
exudate from fatal rheumatic fevor injected intrapencardially in 1 c.o saline 
Suspension contained numberless bodies of uniform size and density winch 
agglutinated specifically with rheumatic sera Under observation for several 
months and remained peifectly well 

Monkey no 2 M rhesus. 22 11 35, deposit from 15 cc pericardial 
exudate from same case suspended mice saline 0*5 c o. injected 
submucously in right and left nostril Deposit from 15 c c of same Suit 
suspended mice saline injected into trachea Remained peifectly "ell 
until 13 12 35, when cough and diarrhoea developed This condition con- 
tinued with increasing weakness until 23 12 35, when animal was kille 
m extremis Post mortem, the heart appeared perfectly normal. Iho lung* 
showed evidence of widespread acute bronchopneumonia 

Monkey no 3 M cijnomolgua 10 12 35 , deposit from 7 c c aithntic 
fluid fiom rheumatic fever mjected intrapencardially mice sa e. 
Suspension showed numbeiless bodies of uniform size and density Remomc 
well until 3 oi 4 days before death on 7 1 36 from bronchopneumonia. 

Post mortem, the heart showed no abnormality maoroscopica j or 

microscopically . , 

Monkey no 4 M rhesus 18 12 36 , deposit from 20 c.c pencaicim 
fluid from fatal case of acute rheumatic fever mjected mtrapencar a > * 

1 c c saline Suspension showed numberless bodies of uniform size an 
density which were specifically agglutmated by rheumatic fovor serum 
Observed for several weeks and remained perfectly well 

Monkey no 5 M rhesus 20 12 36 , deposit from fibrin obtain 
fiom pericardium of ca^o used for monkey no 4 mjected mtrapencar . 
in 1 cc salme Rumbeiless bodies similar to those from tho ui , 
were specifically agglutmated by rheumatic fever serum O serve 
seveial weeks , remained perfectly well « .j 

Monkey no 6 AI rhesus 7 5 36 , deposit from 10 c c J om 

fiom subacute rheumatoid arthritis injected mto loft kneo m 
11.10 36 , deposit from 20 c c pericardial fluid from fatal rlioumatitu^ 
carditis mjected intrapencardially mice salme 19 10.36 , 0 c.c b 
fever toxin injected subcutaneously 28 10 36 , 5 c o scarlet ° vc ^ 
injected subcutaneously 3 12 36 , 24-houi culture m rabbit s oo ^ 
of streptococci from pharyngitis m a rhoumatic child sprayed 0 
(The pharyngitis was not followed by a recurrence ) O serve ^ 
July 1937 , lcmained well except for the development of ric cc s 
estimations of B S R. between February and July 1937, all 
electrocardiograms (E C G )* showed no significant changes - ’ 


veil , lulled „ UJK j E. 

Post mortem, no abnormality seen. Sections stamed wi i w 

n heart one small aggregation of lymphocytes in connec no 
■entncular muscle Valves, aorta and other organs norma tovui 

Monkey no 7 M. lliesus 19 10 3b, 0 5 c c. scur c xul 

ajected subcutaneously 28 10 36 and 28 11 36, 5 c c „ ___ qj , 

njected subcutaneously 19 12 36, ECG P-R = » , n0 icd 

ate 240 per min. 20 1 37 , suspension from cerebrospinal nui 


* Tho abbreviations used aro those of the normal human curve, nu } 


P deflection = auricular sj stole msUsu 

Q.R S deflection = spread of impulse through ^he second sound 
T « end of \ entncular s^htole and comudn uith th ^ 

Time factor j -P-R interval = beginning of P to lH e innmfc 
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pa>t mortem from cam of rheumatic carditis with nodules injected intio 
pcriianhully mice salino Observed until July 1937 , 8 B S R estimations 
ucro normal and tho anmial ai>poared to bo well During this nuiod three 
additional Ucctrocurdiogmms were recorded 3 4 37 y P B = 09 Q Ji S 
= 04 . rato 240 por mm 8 6 37 , PR = 00 , Q.B S = 01 , rate 2U0 
per mm 17 7 37, P R » 09 QRS =» 04, rato 2C0 per mm 
20 8 37, still well, lulled 1 

Post mortem, no mocroscopio abnormality Sections from heart, June, 
Jn or, bplccft and kidnoj stained with H and E In heart traces of degenerate 
musclo near conns of left \entnclo and span»o infiltration with mononuclear 
cdU Quo perivascular lymphatic full of lymphocytes seen m \entnculai 
musclo No other Abnormalities Other organs normal 

Monkoy no 8 3£ rhesus 14 5 30 supomatant fluid from rheumatic 

nodulo centrifuged at 3000 1000 rpm after maceration and tho addition of 
salmo injected mtrupencardially U 10 36 , deposit from 20 c c pericardial 
fluid from fatal rheumatic pericarditis mjocted intrapcncurdially in 1 c c 
salmo A Gram negative bacillus (probably B protcus) was found on culture 
of suspension 10 12 30 noticed to bo unwilling to extend legs, looked ill 
no ohmcal abnormality of licort or lungs. 18 12 36, serum agglutinated 
suspension from rhcumatio pencarditic fluid in. titre of 1 8 Weakness, 
dyspnoea with grunting respirations pallor and slight cyanosis became 
gradually more se\ore 23 1 37, ECG recorded but syncopal death 
occurred wlulo further records wore being talcon Three records were 
obtamod flio first showed well marked sinus arrliytlunm , QRS small 
and Blurred , T t and 1, mwrted T, flat , PR = 09 rate 200 per nun 
In tho second there was some dommg of the R T interval in loud I and 
depression of tho It T mtorv il in 1< id 2 such os is seen in coronary disease 
and uiso sometimes durmg acute rheumatic carditis In the third, taken 
just before death, tho rato had fallen to 00 No P waves were evident m 
lead 2, possibly some auricular fibrillation with a slow ventricular rate 
.Thu tracing in lead 3 was too much obscured by somatic musclo movements 
to permit of interpretation 

Past mortem, no abnormality in any organ othor than fine adhesion* 
between loft pleura and tho chest wall No pericardial udhesions and no 
excess of pericardial fluid Blood and pericardial fluid sterile Sections 
from heart, lungs, kidney, spleen and adrenal gland fixed in Zenker acetic 
and stained with H and E Heart showed a mild myocarditis, particularly 
of tho auricle, with sorao loss of musclo striatum, granularity of muscle fibre* 
small areas of fibroblastic proliferation with a few lymphocytes, some small 
vessels filled with polymorphs and some areas of rather sparse leucocytic 
infiltration Between tho endothelial and fibrous layers of tho auricular 
endocardium there ware some fibrin and leucocytes In sections stained 
with Mallory's phosphotungstio acid htematoxylm and with H and E some 
oedema appeared in tho auriculo ventricular adipose ring, in the auricular 
pericardium and in the auricular myocardium near the adipose tissue and 
throughout tho ventricular myocardium The periphery of tho oedematous 
area m tho adipose tissuo showed slight infiltration with lymphocytes, plasma 
colls, epithelioid histiocytes and monocytes and a slight increase of fibrocytes 
In tho pericardium tho ccdematous area also showed slight infiltration 
with lymphocytes, granular leucocytes and plasma cells Throughout tho 
myocardium there was moroaso of fibrocytes, epithelioid histiocytes and 
lymphocytes Sections stained with van Gieson showed widespread but 
patchy mercosQ of collagenous fibrils in the myocardium In tho myocardium 
“ handed ” nuclei were very numerous m tho endothelial cells lining capillaries 
and in the fibrocytes of tho interstitial tissue 
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Monkey no 9 M rheaua. 13.10.3fi , 1 c.c of a light suspension of 
the broth culture of the protcus-liko organism grown fiom the suspension 
injected into tnonkev no 3 mjoctcd intrapericardially. Inactive and looked 
ill pcisiitently after the operation 19.12 36 ; lulled 

Post mortem, a few soft adhesions between thoiacie scai and loft lung; 
ji.metal puicardnim thick and opaque, fairly fiimly adherent to vister.il 
laj 1 1 ovei m hole surface The protcus-liko organism was lecoveiod from tlio 
pcricaulial fluid 

Monkoy no 10 M rhea us 10 1 36 , deposit from IS e c pleuritic 
thud fiom acute llieumatic fevei injected mtrapencaidially in 0 5 co. saline. 
Remained well On 19 10 3G 1 c c and on 28.10 30 3 c.c. scarlet fever 
toxin inject id subcutaneously 10 11 36, left wrist &lightly swollen mid 
held stilll* 19 1136, slight dyspnoea 23 11 36, moro dyspnoea , left 
wii-.t still appears painful. 2S 1130, symptoms more soveio , appeared 
to have pmn and stiffness of other limb ; gallop l by thin on cuidiac ausoulta 
tion 1 12 3t> , skiagiam of chest shows no definite enlaigement of heart , 
mottling m lung fields suggestive of congestion or bronchopneumonia 
S 12 3b ECO. into 260 per mm , QRS lathei wide; P-R ~ ‘09 i 
T, imu tul. T, fiat , one ventricular oxtrasystolo 18 12 36 , serum did not 
a .'glut mate suspension fiom rheumatic poncurditic fluid 19 12 3b , hCG 
ran* 210 pri mm , P-R intei val 09 , QRS. more sluricd and slightly wide 
( ub) , T w,i\o m leuil 1 mverted 16 1 37 ; EGG into 220 per nun., 
P R mt« ivul 09 , T wave in lead 1 inverted , QRS = 01 , slight improve- 
ment m general form of curve 21 1 37 , serum did not agglutinate 
suspension fiom rheumatic pericarditis 23 1 37 , EGG. into 210 per 
min , P-R interval 09, ventricular complexes wido, T wave in lead * 
mviind, Q.R S = 06. CUnicul condition unchanged. 1 2 J7 , elimca 


condition coiisideuibly worse, killed 

Pod modem, no macioscopic abnormality seen in any organ The heat 
showed no obvious dilatation , no mcrea-sO m pericardial iluid, no fibrin an' 
no adlu sioiia Endocarduun and valves appeared normal Sections fixu 
m Zenker acetic and stained with Mallory's phosphotuiigstic nc*' 
hunutowlin and eosin and by van Gteson’s method Aorta showed no 
abnormality except two small h.emorrhages m adventitia. Aortic valy-J 
apjH.iml nui mu 1 Auncular myocardium showed fiagmentation ol mii'c' 1 

libn s and granular degeneration which was widely spreud and severe* »» 
pla< < s 3 lus was much more pronounced than in monkey no 8. In * *'* 
myoiardium “bmulcd” nuclei wire present in tlio endothelium off" 
i apillari* m lib roe \ tis and fue epithelioid celts m the interstitial tt- sw*’ 
and in a mvoi.mlml mu-clu fibre The udipose tissue of the auritu 
vititrunlar ling loii'isud utmost cntuely r of cells with a liomogi m ous or 
fii mu i_. U.pki-m '1 hi ventricular mu-clo filnes showed much 1* iI«V 
non than th«> auncular, although an undoubted infiltration with > pith*' 10 ' 

< . U-. mnii'K v t» s, ly tnphoey Us and an occasional phwna cell was pri v »i- ,l 
*!,.• }s.rn irdimti there was an mere use of librocytes, and a group *>• lff " 
i vm pilot v i* s w .is -s i u Th.* i mlothilinl et U-> lining the eapillan* -> app>ar« 
lac^t r uul more mum roils than in s,c*tion.s from control n»onke*s M 
-tan <1 with van <.*«son 'bowed --onie increased diiiaty of e«ll g* 11 * ' r ," r 
a* both aurieular ami v. utricular uivocardium anti m inttniui i i~ 


* i.tra n! ir -epta 

Monkoy no 11 
-< .*1 t i.v.r toxin 

* j, e ti < btuil.l d 

.nil mx a.muea 

1 . -*liM*,s 


rhr,m 10 10 3b, 2s 10 3b and 2s.U 3b, a ^ 
ahiut.uH.iU'K 21 137, '.nun did not a. 4« 
fr.ii t rn umitic jicuturditic ihud Mon*a„. ^ 

. of I! 3 R norm d I 3 37 ; .yuoved i«* .«hr»n 
n.tn* d, ground aith -an I, mix* d with ' * «* 
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cinlnfugut ut 3000 4000 rpm , 2 oo of supernatant fluid injected 
mtmtrochcally and See rntramutculnrlj Observed for 2 months, 
remained srdl Time B8B cstmintions normal IJnte eleurocimho' 
grams showed no abnormality 31 8 37, rachitic but no other sign of di»ea»e 
killed 

Postmortem lungs show ul dark groj areas of collapto and fibrosis m each 
middle lobe, left lower and right upper lobt Sections from other organs 
<H ami 1 ) nppeuud normal 

ManUoy no 12 \f rhesus 28 10 36 , 0 25 c c of 24 hour cultiuo of 
Docilt 7 strcptottnei mixed with 5oc p/arn agur and injected subcutiuioonsly 
into U ft thigh 1 1 g bcctum swollen but subsided after a few days 13 1 37 
4 c c piricimlml hind from rheumatic pericarditis injected mtrapencnrdinlly 
14 1 37 fouml ilead in mormnj, 

Pont mortem, coHajwo of both lungs , slight pericardial distension by 
injected Hu id, ajilnn .nlnrged Tho pericardial fluid used for injection 
showed on cultim a profuse growth of haraoly tic streptococci 

Monkey no 13 1/ rhesus 28 10 38 5 c c scarlet fever toxm mjccted 

subcutaneously 28 1130 10 cc scarlet fovor toxm injected mtra 

musculurly 17 12 3G scrum did not agglutinate suspension from rheumatic 
pcncarditic fluid 10 2 37 B S R normal 20 2 37 ECO QRS well 
formed and fiurly high PR— 08 , T flat in all leads QRS — 04 , 
rate 200 ptr mm 2 3 37 nasal discharge, cough, dyspnoea and pallor 
0 3 37 , found dead 

Post mortem , congestion and consolidation of lungs , spleen enlarged , 
possibly slight excess of pi ricarchal fluid 

On section lungs show« d some consolidation, with polymorphic infiltration 
especially demo around \essols Li\er showed some leucocytic infiltration 
in u Tew jiortul tracts suprarenala also infiltrated Heart sections stained 
with Mallory phosphotungstic acid hematoxylin and cosin showed great 
congestion of \ cnulcs and a few ha-morrhages into mtennuscular septa, 
endocardium and pericardium ’Muscle fibrils showed some endenco of 
degeneration but less than in monkeys 8 and 10 There was undoubtedly 
a slight infiltration of the myocardium with epithelioid cells, monocytes, 
lymphocytes and an occasional plasma cell Some increase in fibrocytes 
endothelial cells lining capillaries were larger and more numerous than uv 
control monkeys but less striking than m monkey no 8 (rheumatic material 
only) With van Gicson thero was a slightly increased density of collagen 
fibrils ui fcho mtennuscular septa but far less definite than m monkey no 8 
“ Banded ** nuolei were present in endothelial colls lining capillaries, 
in fibrocytes of tho septa and in a septal nerve and a myocardial musclo 
fibre 

Monkey no 14 V rhesus 21 II 3G 2 5 c c joint fluid from patient 
with subacute rheumatism injected into the right knee 28 U 36 I oe 
scarlet fovor toxm intramuscularly 30 II 30 , deposit from acute rheumatic 
joint fluid injected mtratrachoally 20 1 37 deposit from cerebrospinal 
fluid from fatal rheumatic carditis with nodules injected mtrapontoneolly 
mice of same cerebrospinal fluid Subsequently observed for 0 months , 
remained well Nino B S R estimations were normal as were three electro 
cardiograms 26 8 37 , killed 

Post mortem, no macroscopic abnormality 

Sections (H and B ) showed slight myocardial degeneration and frag 
mentation of muscle fibres Liver, lung, spleen and kidney showed no 
abnormality 

Monkey no 15 M rhesus 21 11 36, 2 5 oc joint fluid from same 
caso as monkey no H (21 II 36) injected into loft knee Subsequently 
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obsei \ od for S months, lcmamed well Seven. BSR estimations were 
normal 20 3 37 ; E C G good T s and T 3 , P-R = 08 , rate 240 per rain , 
QRS = 04 24 1 37 , E C G no change except smaller deflections m 

lead 2 , P-R = 09 , Q R S = 04 

Monkey no 16 *\f rhesus. 26 11 36 , deposit from 20 c e fatal 

rheumatic pencaiditic fluid injected mtrapencardially in 1 c.c noimal saluie. 
28 11 30 3cc scarlet fever toxm intramuscularly 3 12 36 , streptococcal 
cultiuo (same as that used for monkey no. 6, 3 12 36) sprayed into throat 
Observed until May 1937 , remamed well Six BSR. investigations normal 
S 3 37 ; 13 e c rheumatic pericardium fluid intravenously Observed for 
I month lemamed well Two BSR estimations normal Three 
electrocardiograms showed very flat T waves in all leads 

Monkey no 17 M rhesus 26 11 36 , deposit from 10 c c of same 
fluid as used foi monkey no. 16 (26 11 36) and from 10 c.c. cerebrospinal 
fluid hom same ease mjected mtrapericardially mice peiicardial fluid from 
sumo erne 18 12 36 and 21 1 37 , serum did not agglutinate suspension 
fiom rheumatic pericaiditic oxudate Threo electrocardiograms showed very 
flat T waves in all leads 31 8 37 ; well ; lulled 

Post mortem, no macioscopic abnormality seen. Sections stained H and 
E In heait two small patches of aggregated cells (lymphocytes) and one 
urea of perivascular lymphocytic infiltration in ventricular muscle. Liter, 
lung, kidney, spleen and .suprarenal apparently normal. 

Monkey no. 18 M rhesus 3 12 36 , streptococcal culture (as for 
monkeys no». 6 and 16 on 3 12.36) spiayed into throat No obvious effect. 
2l» 1 37 , 3 c c supernatant fluid from maceration of synovial membrane, 
early acute rheumatoid arthritis, after centrifugation at 3000-4000 for 15 mms , 
rnjec ted mtiatraclieally and 2 c c into left knee joint Observed for 
0 moutlis , remamed well. BSR 1 100 on 16.2 37, on 2 3 37 rose to 
3 100, fell to 1 100 on 10 3 37 and 30 3 37, rose to 9 . 100 on 15 1 37, 
fell to 2 : 100 on 4 5 37 and 18 3 37 and 1 . 100 on 3 6 37 (BSKm normul 
monkey 3 mm in first hour ) Tluee electrocardiograms showed no significant 
changes 9 9 37 ; slightly laclutic but otherwise w’ell , lulled. 

Post mortem, no macroscopic abnormality. Sections from heart, lung, 
hi ei , spleen, ludney and both knees (H and E) show r ed no abnormality 
othu than slight rachitic changes 

Monkey no 19 .1/. rhesus. 19 5 36 , deposit obtained after macera- 

tion and light centrifugation of rheumatic subcutaneous nodulo mjected 
mtratracheally , remained well 4 2 37 , deposit from 25 tc rheumatic 
pencarditic fluid mjected mtrapericardially m 1 c c. of the fluid. 1 1.2 37 ; 
B S> R S • 100 2 3 37 , B S R 5 ; 100 16 3 37, 30 3 37 , B S R. 1 . 1W* 
13 137. BbR 7.100 30 4 37 BSRl 100. Early May 1937 , looked 
ill, pallid hobbling as though lund legs were painful, but B S R 2 100 and 
recovery soon occuucd. BSR estimation, and clinical observations during 
the next 2 month-, rev oaled no abnormality Fiv e electrocardiograms showed 
no significant changes. 9 9 37 ; rachitic but otherwise well ; lulled 

Post mortem, no obvious abnormality. Sections stained II ami L. 
IL.au -.bowed some increased ccllulanty, mainly of lymphocytes, with iin 
occasional patch of cell-, consisting of lymphocytes, epithelioid cells and on 
<h i tisioind plasma cell Incn. used ccllulanty around capillaries in ponuicdtutn 
and emlot.udunn oecui red in scattered areas. Lung, hv or, spleen and kidney 
nonn.il Left knee — slight raclutic chiuigcs 

Monkey no 20 M. rhesus 1.2 37 , dejio-it from 80 c e fluid «° n j 
i'w u-ed for monkey no. It) (1 2 37) injected intrupencartbally. rvw 

for 21 moutlu,; t Vi 8 R estimations normal. Three electrocardiogram- 
show id no significant changes. 
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Monltoy no 21 U rlicme 00 1 37 , diposit from ihoumatic |»n 
cnrditu fluid etui liitraporicurdinlly mice of supernatant A further 
11 ui of supernatant fluid inoculated intramuscularly m kgs Observed 
for fl months , remained wet! Sovon BSR estimations normal Tour 
electrocardiograms showed no significant changes 

Monkoy no 22 M rlieaus 4 3 3? , floe joint fluid from rheumatoid 
arthritis injected intrapcncanhidlj , remained well B S K normal until 
18 3 17, when it roM to 18 100 Throo electrocardiograms allowed no 
significant cluuigis lliis mnnkoj has nmauied well up to tlio present 
tuna (Ueo 1037) ' 


DlhCOSSIOX 

In spite of numerous nttompts with bacteria thought to have 
itiological significance tn rheumatism and with exudates and other 
materials fiom selected cases convincing evidence of experimental 
i‘ 'lnatit infection m animals lias not been produced and accord- 
ingly the < ausativo agent or agents remain unidentified This may 
perhaps be explained on the grounds that the cluneal disease occurs 
only m man and that laboiatory animals are insusceptible, that the 
inflating agent is supplemented by complex accessory factors such 
ns metabolic imbalance or hereditary predisposition winch cannot 
be reproduced at will or that the true infective agent or combination 
of agents 1ms not vet been found Reproduction of the disease is 
further complicated bv the diverse manifestations of the rheumatic 
state so that it becomes necessary to have some clear idea of the 
essential entona for experimental purposes The most important 
and convincing evidence of aeuto lheumntio fever lies in the 
demonstration of Aschoff nodes in the affected tissues, since these 
occur in no other disease Their presence along with iion-bactecial 
pericarditis and non bacterial vorrucoso endocarditis is generally 
i cgnrded as signifying undoubted acute rheumatic infection Certain 
clinical features are also significant, such os the sigus of carditis 
and pericarditis with certain abnormalities m electrocardiographic 
traemgs, subcutaneous nodules and increased erythrocyte sedi- 
mentation lates In no instance have these ontena been satisfied 
experimentally 

Gross, Laewo and Eliosoph (1920), oa judged on pathological evidence, 
failed to reproduce the disease in a variety of animals, including rabbits, 
guinea pigs, dogs, 6wuie, sheep and calves, injected witii a variety of patbo 
logical materials and in various ways Most of the rabbits and all tho dogs, 
cats and guinea pigs wore full grown Sheep were approximately eight 
months old and ewine and calves had been recently weaned Calves shoep 
and swine wore selected largely because it was thought that the vascularity 
of the valvee in these animals might predisposo to localisation of the infective 
agent m these areas Amongst other materials, streptococci isolated from 
tho blood of unquostioned rheumatic fever cases, os well as whole blood, 
plasma, serum, pericardial, pleural and hydrocele fluid, filtrates from tonsils, 
subcutaneous nodes and lymph nodes and nasopharyngeal washings woro 
used Ihoy realised that diversity of interpretation may oxist in the 
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lecogmtion of Aschoff nodes and insisted upon the presence of non-bacterial 
verrucose endocarditis and non-baeterial pericarditis as additional criteria 
of rheumatic infection In a considerable number of animals focal accumula- 
tions of inflammatory cells, at times closely resembling Aschoff bodies, were 
found, but these were sufficiently distinct for the authors to have no hesitation 
in saying that they had failed to produce the typical Aschoff body. In none 
of their experimental animals were non-bacterial verrucose endocarditis 01 
non-bacterial pericarditis encountered 

Miller (1924 a and b) observed focal perivascular collections of cells with 
single and multiple nuclei m guinea-pigs and rabbits m the course of an 
attempt to produce rheumatic manifestations with blood, serum, joint fluid, 
pleuial exudate, filtered throat washmgs and tonsillar material from cases 
of acute rheumatism Similar lesions were found in control animals Sixty 
per cent of a group of 34 apparently healthy adult rabbits showed in sections 
of heart muscle lesions consisting of lymphocytes, endothelial leucocytes, 
occasional polymorphonuclear eosinophils, plasma cells and fibroblasts In 
their test animals only two instances of an acute non-bacterial arthritis 
were encountered 

Swift (1935-36), using a variety of materials from undoubted rheumatic 
sources, also failed to find evidence of rheumatic infection in laboratory 
animals, including monkeys, despite previous conditioning of the animals by 
various methods planned to predispose them to subsequent virus infection 


In our own experiments nothing more than focal collections of 
inflammatory cells, myocarditis, degeneration of myocardial fibres 
and in two instances some increase in collagen, could be found In 
no instance were multmucleated cells encountered and although the 
collections of cells contained elements also found commonly m 
Aschoffs nodules, these bore little resemblance to the typical 
picture seen in rheumatic heart disease The myocarditis is of 
some interest since, with an accompanying proliferation of inflam- 
matory cells, it was present in a numbei of the monkeys m this 
series In no 8 (suspension alone) and no 10 (suspension plus 
streptococcal toxin) it was moderately severe A similar myocarditis 
occurred in monkey no 13 (toxin alone), which prevents definite 
conclusions being drawn, the more so in that in a series of 9 control 
monkeys some degree of myocarditis with increased cellulanty was 
found in three instances It is possible that myocarditis of a chronic 
type is due to some common infection of laboratory monkeys, or 
that monkeys are liable to a myocarditis in various infections which 
m man would be comphcated by pure myocardial degeneration 
Spontaneous myocarditis has been demonstrated by Fox (1923) m 
twelve primates out of 498 examined post mortem In our animals 
the valves, endocardium and pericardium remained normal, even ui 
nos 8 and 13 where the clinical picture was suggestive of giave 
cardiac damage , moreover in these two animals the degree o 
myocarditis present in sections was insufficient to account foi the 
clinical state This grave condition has not hitherto been notec 
with any frequency m laboratory monkeys under observation in 
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otliu studies in this Institute aiul its natuie is obscure The 
pathological ch ingcx suggested tlio possibility of a mild degree of 
scurvy and boro soino resemblance, though the lesions wore much 
less severe, to those described m sourvy and carditis in gumca-pigs 
b\ Tayloi (1937) In our aiumals, however, apait from slight 
oideina in ono or moio joints, w itli some tenderness, no cluucal signs 
of vitamin C deficiency could bo dotected It is surpnsmg also that 
on a (bet common to all the monkeys undei observation over many 
weeks oi months onlv isolited examples should ocour In man, 
up irl from the typical lesions of rheumatism, pyramid. and syphilis, 
myocarditis is very rare, although a slight infiltration with lyuipho- 
cvtcs, pkosnia colls, moiionuelears and occasional neutroplnl and 
eosinophil leucocytes, accompanied by a proliferation of fibrooytes, 
is relitivoly common m diphtheria In tho monkeys ui our senes 
where strojitococcal toxin w is mjocted the cellular infiltration 
observed may hvvo resulted from mild damage by the to\m 

It has been pointed out carkor that m clinical rheumatic disease 
considerable importance is attached to the electrocardiogiapluo 
ti icings in assessing tho degree of carditis present Prolongation of 
the I* It interval liovond normal limits co existing with ausoultatory 
signs such as softening of tho first sound is considered of great 
diagnostic value In monkeys tho normal heart rate appears to bo 
about 210 pei min under ordinary conditions of examination, which 
makes ausoult ition of little value Electrocardiographic examina- 
tion of monkeys oithoi m health or in disease does not appear to 
have been made hitherto, or at least not to any extent It was felt 
th it tracings of inoculated annuals might yield evidence of carditis 
should it be present No difficulty was experienced m obtaining 
excellent records An average normal was obtomed by taking 
traemgs of normal monkeys before inoculation These wore found, 
apart from tho increased rate, to bear a very close approximation to 
the normal human tracing In addition each monkey’s tracmg 
before inoculation was regarded as normal for that animal and sub- 
sequent deviations following inoculation as representing departures 
therefrom The average normal P-R interval for the rhesus monkey 
appcais to be about 08 see when the heart rate is approximately 
240 A P-R uitorvol of more than 08 soo was observed only in 
monkeys following injection withtoxm alone (M 7), and subsequently 
with rheumatic material or with to-xm plus rheumatic material 
(M 8, M 10, 31 15) In these instances the interval was prolonged 
to 09 soo It is probable that this apparent prolongation is without 
real significance and may be within normal limits for the monkey 
It does not appear to be associated with streptococcal toxin only 
smee it occurred also when rheumatic material alone was injected 
Nor is it a concomitant of the ojierative interference The signifi- 
cance of the mversion of the T waves m leads 1 and 2 m monkey 
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present m any of the animals examined post mortem Subcutaneous 
nodules were at no tune present 

Admittedly tlic senes is not large and the experiments were 
confined practically to one hind of monkey, but watlnn these hmits 
no ov ulcnce has been obtained tliat the suspensions of these bodies 
possc&s mfcctivity Similar conclusions Jiave been reached by other 
investigators, ilthough m their experiments no attempt was made 
to conct ntrato the virus IdvO bodies presumably present m the 
materials used m oidci to produce infection by massive doses 
Further woih ma) give some indication of the conditions governing 
hibihtv to rheumatic infection or explam the nature of the 
igglutmation of these particles by rheumatic sera, but at present 
infection experiments leave not strengthened tlie opinion that the 
agglutination, is unquestionably the result of union of virus and 
nnlthod\ from rheumatic sources The position, however, is not 
disiinuhr to that arrived at in connection with herpes zoster and 
thicken pox ami the elementary bodies associated therewith (Annes, 
1931 IHU) 

Our thanks aio again due to the medical staffs of many hospitals for 
placing their cn^os and clinical material at our disposal Tho electro 
cardiograms luxvo been recorded throughout by Miss L Josephme Hunt, 
cnrdiograplitr at King s College Hospital To her and to tho department of 
audiology at that hospital no arc greatly indebted Our thanks are also 
duo to Sir "Nlounco Cassidy and Sir Thomas Lewis for advice in tho inter 
p rotation of a rnunbor of the olectrocardiograpluc tracings, and to Professor 
Turnbull and Dr E ff Creed for opinions on pathological sections The 
research has been in part earned out with the aid of a grant to one of us 
(G H L ) from tho Medical Research Council, to whom our thanks aro due 
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counterstain In somo case* otlior stains woio also used, more particular)! 
for tlio connective tissues, but without yielding additional information. 

In tlio earlier experiments the hydrocarbons woro dissolved in benzene , 
later it was found that acetono docs not givo rise to tlio changes winch 
benzene alone produce* in mouse slim, and a senes of observations was 
made using acetono os tbo solvent In genoral, 0 3 per cent solutions wore 
used, but in the case of 3 . 1-benzpyrcno observations were also made wita 
a 1 per cent solution in benzene, and eoitam compounds which aro not 
soluble to the extent of 0 3 per cent m acetono were used as saturated 
solutions m this sohont (1.2:5: G-dibonzanthracene, 1:2.5 15 
dibenzaeridme, clu-y~>eno) 

The hvdiocaibons used and their source* weio as follows — 

From Roche Products, Ltd (wuth a small samplo also from Professor 
Cook) — muthylcholanthrene 

Fiom L Light & Co and Professor Cook — 3 • 4-bonzpyreno. 

From the Organic Chemistry Department, tlio University of Leeds— 
1.2 5 , 6-dibenzanthraceno. 

From Profe*sor J W. Cook — cliolantlirono, 1 : 2 . 5 : 6 dibenzacridme, 
.} 1-benzphenanthreno, 1 2 -benzanthracene, chrysene, pyreno, phen- 
antlircne, 3-metliyl-l 2-bcnzantliracone, 7-mothyl-l : 2-bcnzantliraceius 
1 • 9-dimothyIphcnanthienc, 1*2:3: 4-diben7anthraconc, fluoreno, I -'* 
bciizfluoicnu 

It early became apparent that one of the most interesting differt aces 
between the more potent carcinogens and tlio other compounds wo* til'* 
greater depdatoiy activity of the former, so a special oxporunuit \vu» 
undui taken to investigate this phenomenon 


Experimental observations 
Macroscopical changes. 

Epilation. A Meek after tlio Just application of a potent 
carcinogen, a high proportion, of the mice .ire completely opihted 
over the treated area of skui Tho skin is smooth and oulv 
rarely shows any tiaco of ulceration or excoiiation, and " ken 
these occur they may be attributed to some coincident agent, 
eg infection or parasites Tho surface of the bald skm is niatt, 
not shiny , it sometime* gives tho impression on pmchmg it tliat 
it is slightly thickened as if by oedema ; m colour it is perhaps 
slightly ruddier than noimal, though a comparison as to colour 
between tho normal and tho epilated skin is not altogctiur 
©.iti-fictory 

The rates of epilation wore in the same older as those of tumour 
induction for the four carcinogens met In lcholanthrene, ehoLintluoiio. 
1) : i-bciupyreno and 1 2:3’ b-dihciuanthraceno Thu» ttl *h ^ 
ltr«t two, all the mice showed an area of complete alopecia «u UI> 
two weeks, with 1 : 2 : 3 : G-ihben/amluatene three weeks on an 
average wa* required to teach this stage, while .* : i-l«’nr pinna 
w,is intci mediate in effect in U*.i per cent, solution, and 
equal to metln khoLinthiene (U '» per cent.) when u«d in * I*' 
cent solution in benzene. In all rises epilation wa* mote r-»p 
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with benzine thin with uotoun solutions llu wi ik . inino.p.us 
A l-bcn/plnnanthrcne and 1 5 b itibeiuai ridm ' h' , S id i 

ilcpilatorv rite no grc iter «h m th it of come of the non <. ,n in. ,, n- 
md subst inti illy h>s thin tint of two of thim (( mil 7 i a’ n( 

1 1 benzanthracene) * 

Tho »tito of toinpkli nlopu-u dot-, not lut lmy ml tl, 
regrouth of linir tales pi in m i time rougltli proportion .te f..r 
ca. h substance to tin I inn t ikeu to tlcpil itu \\ uh until 1 In 1 ,u 
throne, for o \ implc sum. of tho into show rig. mrittd bur n 
tho uni of two sucks at i tuuo wlnn otlur -imihrli tn ,n i 
animals aro still bilil llie new hur cm tibtulh In , eilv 
distinguished from the old us it his i stnibbv ip|H iriim ml 
is linking in tin liorinil cunts vihieli gnu tliu chin, tensile lick 
ippcaranco to mouse fur its i whole With Tim thill 
hen/antlmiceno (the most ait no .!< piLitor of tin mm > inuio,. u>) 
hail loss is toiibidi r.ihly I. vs pronoumal and ut lb di>» it is lit 
unacccmipatuid h\ un\ ngmtr itioit 

Nono of the non < ircuiogi mi hvdroi irluma producid conjji' 
alopecia in tho cirh wi.ks anil only nn.lv did s» at mi si i,e 
of tho ovpcrmients which wini unit mind for (snails of it 1. i t 
Jl weeks lhcte i is also i Imur lut nit} m llitr n.„.mri on 
so tlial tho comhtinu of tin fur of m.hvtduil iiumili did not -.how 
tho btrikmg altiritiim fmin on ink to llio ui \t wlu.lt w .« j> 
cliiriiclorestit of niuinil tn ittsl with the potent i.Mit.yiiis 
Tlies wes mi import uit different. IkIwi.ii the ulion of m, 
nietlij Iclmlanthrciio and "iwtkvll Inn/ mthrn. n. , mi i 
cmplmsisetl because tins e-.(« . t of tin plu mom mm is m e k. .1 
in hgs 1 and 1, ui vvhnh an att.mpt hoi Is-, ii nude to gn. . 
gripluo mdu it mu of tho .pi mtit it no d. piliturj tvlitio iilti| i ut 
tho vanoies substau.is u-'U.l It will be olu lorn tied if i eru'i j. 
milt lllle.l two mile, ouo iiimplctclv ipiUtsd Old o.e fullv .. i! <1 
whuh th-.pl iv i tl the rosin*. lumbtiote. i auk lit.r, «h» ,uph 
would show i result nit value of 30 (* r nut ipltlt«n f.r 1 m th 
wicks mil would Ih 3 tho siiuu hid t nil muu «> l»s n lulf . i dif.d 
at each ol.~. rv ition 

Nov i rt hi It 'S ui spito of turns iluy llu> u ut of did r< i . 

Ik tun n llio (Kituit c iriuio,i us ,uul tin r n«n • «- u < a 
analoguis, hgs 1 mil 2 sirvo to show tl,,* t! d.fuliU 
•utivitics of initlivhhduUhit ie cl, ,1 mthn 1 1 ■ tl»npini» 

unit 2 3 b dlls nr mtlir m no in. 'i/nili. mtlv* - ij« r-or l.» tin o 
of the other hjdrei irboiis luted Hits ,v up eillv trie ,f 
hg 2 wh. nj the n suits with a stoii s dun. .ei j.tu itsot-bsl JTlo 

* rn^iHvir t«*wl n * i it *, ut l-'* 4 Ui*ur» { 11 k* * 

it nr Im iiMi M ji t' ft-* i n tj » p mi a 
2 NneJLii^iA > t*c ( n rn»t 1 1 r I W 4 u4 llcl ^ 

(ItU*) Lvl f i> I } * 1) 11 iMlstl) W ajI •) 4 Ik *.W 4 * i* j 

* i U ut U o >?r ft „•»» i-* I ) ir -Aihtjr* 
r,a» «. ua 
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Methylcholanthrene 

(10) 

Cholanthrcno 

(10) 

3 4-Benzpyiene 

( 10 ) 

1 2.5 6-Dibenzanthraceno 
(15) 

3 4-Benzphenanthrene 

(10) 

1 2 5 6-Dibenzacridme 

( 10 ) 

1 2-Benzanthraceno 
(15) 

1 2 3 4-Dibcnzanthracene 
(15) 

Chrj sene 
(15) 

Pyrene 

do) 

Phenanthreno 

(15) 

1 2-Benzfluorene 

( 10 ) 

Fluorene 

( 10 ) 

1 9-Dunothylphenanthrcne 

( 10 ) 

3-Methyl- 1 2-benzanthracene 

( 10 ) 

7-Metliyl-l - 2-benzanthraceno 

( 10 ) 




Benzene 

(15) 


Weeks i 2 3 


IS 


18 


Fxc 1 Dopilatorj effect of various carcinogenic and non carcinogenic 
hydrocarbons (in benzene). 

* l nht"! , wET*,, 0 * ^ °lopecia was estimated in each mouse each week as very slight, 
slight, moderate, considerable, marked or complete To theso vvoro given the values 

r>rtr^nfni UC r J +i 0ntl for eack weok tko numbers vicre added up und expressed 
Tn » t 1 S ° f 4 10 “ a t aj: ? um possiblo value for tho group. E >j , if in a group of 
4 slightly epilated, and 4 considerably epilated, the result 
m mil -*- ( 4x -)+(*Xl) = 24, which expressed as a percentage of (10/0) 
n rtmm ' a * uei * s ® °5tained are thoso plotted, and while it is realised that such 
. P ot , a ^ 10Ii tho data smoothes out each group and obscures tho rapid and 

,, e h*uiges ln tho hair of single mice treated with earunogens, it nevertheless 

,at ~ cat0 certain features, more especially* tho pronounced dopiluton 
1 h0 , fou f cai'cmogens, in tho early weeks 'The figures under the nanus 
r , , ‘-oinpoumla indicate tlio initial number of mice in the corn spending expermu nt 
iigne->t points (c g at tho right hand end of the mothyleliolanthreno curve) 
represent .t value of 100 per cent 
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distinction is cle ircst m the c irly »uU, 1 1 during tU. uw pk„ 
of liair loss and before the complications mtrodun.il l» iVimate 
luir loss ind regeneration ha\o started to opente Hut our tin 
18-ucelv period as, v a hole it nn he 'u.n tint luir l. is ls m 
general gre iter with the four potent urtmogut, tin i >uth 1 m 
of the other substances On the other hind it is i'i r t! si 
7 methyl l 1 dibenzanthraionc h is a more pronoiun ed elk * l th ,ti 
the \icak c-iremog* ns t t huiuphtn mthrcnc nul 1 i o 
dibenzacndmc uhich ijspo ir to be about eijw il to i uli otlur « a 

Mothvlt hotamhrtm 
( 10 ) 

Clioluntlm mi 
( 10 ) 

3 4 Ilcnzp\ rent* 

(JO) 

liC 0 D>b< nzanthrALdio 
((">) 

I 4 Hi uzphrmmthnm' 

( 10 ) 

1 2 o 0 D>b<n/a« milt 
(l'») 

( hr^M-tu 
(10) 

l i 1 4 IJifx nwnthr u«m 
(10) 

1 2 lit nzuntlirucrn 
( 10 ) 

t Moth} II J b» nt-mithr i cm 
U0> 

7 Me thy I 1 2 bcuzsuiihr w« 1 1 
(10) 

\ltlODO 
( 10 ) 


Hu J — lXpilitorj f\unou»< m ^ 1 «» <*•■** r » 

|t)iiivcut*4Wi (La ac«tca«) 

) r ci) Un itn n \ i«* to i * 1 

to dmclhjll d Unzanthr nolle in dr pit it* r\ l««r 1' ■ ' 
bo noted tbit the high Hu \ due with 1 *• dm.. " jlpl . t 1 « - 
is largi K tUnhitf ible to an iimcsii-dlj 1 i„h m t din u* * i l i' 

of mice , 

Tkil ejeks of ijnlnion uul liar n,imrw.n *. i'« ’ ' 
in import int is|im.i of tin pro,* > It nnid *s >r * 
not uiiithd to ngspl the pro s u " ait. . i ’!. > ! . • 

distnictne unr bu* ritlnr is it -a! i.-i’*-* i >' lit •* 
of the norm di uhs «f .m il'iiu . ul i, ,i» • ■ *»* t’ 
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period of five months’ treatment with a potent caicmogen, each 
mouse passes through several such cycles This is not the case 
in the hair loss seen with some irritants in which the mam reaction 
is destructive and inflammatory, and the hair loss is only slowly 
made good 

It is seen that a general statement cannot be made that epila- 
tion is characteristic of carcmogenic hydiocarbons as opposed to 
then non-carcinogenic analogues But it appears to be true that, 
for the six carcinogens tested, the depilatory phenomena take place 
at rates and magnitudes in the same order as those of carcino- 
genesis, i e methyl cliolanthrene = cholanthrene >3 4-benz- 
pyrene >1 2 5 6-dibenzanthracene >3 4-benzphenanthrene 
= 1 2 5 . 6-dibenzacridine 

Other macroscopic changes The surface, which has a matt 
appearance at the time of the first alopecia, changes in appearance 
from week to week, becoming rather rough and uneven as the 
time for tumour formation approaches Ulceration is not 
infrequent, but does not appear to be a necessary precursor of 
tumour formation indeed, the impiession obtains that ulceration 
as such is an antagonistic process to carcinogenesis, as many 
tumours have been seen to arise in animals which never displayed 
ulceiation, and m the others tumour formation only occuned 
when healing of the ulcers was complete or nearly so Tumours 
at their first appearance were not related to ulcers, but arose in 
different parts of the skin It is beheved that ulceration is not 
in itself a direct result of the action of carcmogenic hydrocarbons, 
but lather a secondary outcome from the diminished resistance to 
injury and infection brought about by interference with the normal 
structuie, e g the integrity of the fur. Some of the non-carcmogemc 
hydrocarbons, and also pure benzene, produced ulceration at times 
m mice which were deficient m hair, and the two phenomena seemed 
to be closely related Thus, with chrysene dissolved in benzene, at 
one stage about half of the mice were seriously deficient in hair and 
also idcerated, while the other half showed almost normal fur and 
no ulceiation Ulceration was significantly less in all cases wheio 
acetone solutions were used 

During the couise of an expeiiment with a carcinogen, there is 
progiessive thickening of the skin In the early stages this is only 
just perceptible to the touch and suggests the presence of oedema , 
latei it becomes more apparent, as theie is an addition to the 
connective tissue of the dermis It develops most rapidly and js 
most marked with the potent carcinogens Associated with it there 
is a progressive loss of elasticity, especially well shown durmg 
excision of the skin immediately after killing the mouse for lusto- 
logical examination. The normal skin curls up at the edges, so 
that it has to be manipulated before it 11111 he flat on the filter 
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paper After some weeks’ treatment with a potent ear< mogen the 
thickened skin on removal remains flit, so that it w is much iaoio 
readily handled 

At the samo tune, local congestion becomes conspicuous On 
reflecting tho sloii of the back tko treated area is moro or less 
sharply defined on tho deep surface by tho congested \essels lhis 
phenomenon was extensively studied by Kroy berg (1W9) m tirreil 
mice by intravenous injection of mdia ink, and lias recently been 
confirmed by Hval (1937) for nuco troated with 1 2 5 0 diben/ 
anthracene The congested vessels are very conspicuous, how over 
because of their moreased cahbro and blood content, oxen without 
the injection of India nils or other material, though such procedures 
are of value in securing convincmg permanent prepir items The 
present writer behoves that tho congestion should be regarded is i 
passive and probably obstructive phenomenon, mdicitive of i 
functional lschauma , tlus point will bo discussed later for the 
present, it should bo stated that most of the engorged vessels seemed 
to be veins 

Tho last two findings, loss of elasticity ind venous congestion, 
are phenomena which appear to ho of importance in rclttion to 
carcinogenesis They have been observed occasionally with tho 
non carcinogens cspceuilh the mcthvl ben/nntliracencs but even 
with tho latter thev only occur rmelv when acetone solutions ire 
used On tho other hand, thev may be regarded .is const nut chuigcs 
with the foui most potent cnrcuiogcns and tin re is a suggestion 
that tho same would have been true for I 2 5 ti (libcniuiitliruxiio 
and 3 •i-benzphenniitlirene if a sufficiently largo numlicr of animals 
bad been treated with tlieso substances for au ulequito turn 
furthermore, tho shorter tho avenge tumour induction turn of 
a carcinogen, the more rapidly docs it jiroduco congestion uni 
non elasticity of tho shui 

Tho formation of tumours may bo jiasscd over briefly is then 
wore no differences observed botween these tumours md those 
produced by tar Tho latter have already been viry thnrouglilv 
described in tho litoraturo Two jiouits, how over seem to ho north 
mentioning Tho earliest worts produced by pure hy dree irhoiis 
grow slowly and not infrequently regress, when thoy per-ist tlmv 
often tako a considerable time to reach tho stago of mtillritivo 
cancer, vvlulo many are still “ beiugn ” at the dcith of (lie mini il 
Malignancy scouts to devolop moro ripidly in thoso nodules ivhltli 
appeir lator m in oxjKirimont Tho similarity to tar is oh v huh 
Tho second poult is that tho rito of growth of tho tumours do. s 
not seem to bo related to their rate of production by diffiitn' 
hydrocarbons Tho presout material is uiauDuu.nl for sfitisluil 
aiulysis, but ullovving for tho widci van it ions in growth riti of ilu 
tumours produced by any circinogen, it does not apju ir tin’ 
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tumouis produced by s say, metliylcholanthrene enlarge any more 
quickly or slowly than those produced by dibenzanthracene or tar 
This is as might be expected, since there is no reason to believe 
that the carcinogenic hydrocarbons play any part in the growth 
as such of the tumours induced by them It is especially difficult 
to see, for instance, how they could affect the growth of such a 
tumour aftei multiple transplantations There is, indeed, evidence 
that they may actually inhibit the growth of neoplasms (Haddow 
and Robinson) 

Histological changes 

The material available consisted of 237 mice treated with 
1 2 5 6-dibenzanthracene (of which 144 had been subjected to 
additional experimental piocedures), 141 mice treated with 3 4- 
benzpyrene, 100 with methylcholantkrene, and groups averaging 
20 to 25 with each of the other hydrocarbons in the list given 
previously The laiger numbers m the case of the first three 
compounds are due to the fact that histological piepaiations 
existed derived fiom previous experiments , m these benzene 
had been used as the solvent, and while benzene itself produces 
changes m the skin, it is still possible in this material to confirm 
many of the findmgs Much sharper and more reliable lesults are 
obtained until acetone solutions, however, as apphcations of acetone 
itself have been found to be almost completely meit over the 
experimental period It will be most convenient to deal with 
metliylcholanthrene first, and then to indicate differences in the 
action of the other compounds 

Effect of metfcylcholanthrene It is to be understood that 
vheie tunes are given, they are to be legarded as averages The 
late at which changes develop vanes, as might be expected, between 
one animal and another 

At the end of the first week, i e aftei a smgle apphcation of 
methylcholanthrene, definite changes are already present (fig 3) 
The epidermis, which m the normal mouse consists of two or three 
layeis of small cuboidal cells, is already hyperplastic and in its 
stratified structure beais more resemblance to human than to 
normal mouse skin The epithelium is many layers thick, the cells 
have assumed a typical squamous appearance, and it is possible to 
distinguish a stratum malpighn with prickle cells, a well marked 
stratum granulosum, and a considerable supeificial keratinous layer 
The connective tissue of the dermis is noimal The subcutis (by 
which is understood the adipose layer between the collagenous 
deimis and the panmculus carnosus) is congested, but fi.ee fiom 
cellular infiltration The hau* follicles are stnkmgly altered, as 
might be suspected from the depilatory phenomena Most of them 
are represented by short club-like solid downgrowtlis of cells 
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Fig 3 — Skin of mouse 1 week aftei melliylcholanthieno 0 3 pci cent in acetone 
Hyperplasia and keratinisation of epidermis , han follicles shrunken and devoid 
of hau-s x 35 

Fra 4 — Three weeks methylcholanthieno in acotone Active regenerate o changes 
in hair follicles and bulbs k 35 

Fig 5 — Three weeks methylcholanthrene m acetone, to show commencing change 
in dormis In the supeificial dernns tho lelatively coaise noimal collagen has 
been replaced by finely fibrillai collagen The alteration m the collagen is 
most conspicuous at the extreme left, where the entne thickness of the dernns 
is changed Note also absence of cellular infiltration x 85 





1*10 5 




..03 


PHVCAXCEROUi, AAJA Cl! lAftf A 

attached to the ba»o of the epidermis and onlv puiotratmw i shod 
distance into the dermis It is impossible to make ont°thi dis 
tmction between tlio different ceil lajers of tho normil follicle 
and the nnjnession created is that tntli tho loss of tile bur tin re 
has been a loss of tho internal root sheath, accompanied In m 
upward shrinkage of the external root sheath When the mouths 
of the follicles are still detectable, they aio generally blocked with 
keratmoub plugs 

Tins epidermal increase roaches its maximum m the hrst wick 
and thereafter shows httlo difference, quantitative or quahtilivc 
until nnmediately before tumours arc going to maho tbeir appt ir 
mice After two weeks there is still no significant eh ingo m tin* 
connective tissues of the dcuius, md the subcutis is us before 
Tho hail follicles, however, may show v different picture, depending 
on whether regeneration of hair lias stvrtcd or not If mm 
ragroii th of hair is taking plain tlio h an follicles arc greatlv eit 1 irgc*d 
and sometimes dilated , the colls of the internal root she cth ire 
unusually prominent as u result of then increased suo md intense 
eosmoplnle staming, tho external shcatlis ire also hyperplastic , 
the bulbs aio now laige and composed of crowded, dark]} st lining 
colls (normally m the resting akm of the mouse onlv ociiislon.il Imllis 
are scon) and they pcnctiato deeply into tho subcutis (tig I) 

In three weeks changes ire seen m tho dermis Xormallv then 
is no differentiation m tho mouse, as there is m some spt cies into 
two layers of different texture , the whole dermis consists of mti r 
woven, rather coaiso bands of highl} rofraetilo eolligm fihiv . 
(e/ % 14) After three weekly npplicitions of mothvhholiMhrvm 
tho superficial ports of tho dermis an iltcicd in texture (tig V 
Tho collagen fibres are fine and have lost their rt fractilit} Ilu 
amount of dermis involved is variable sometimes onlv i niriow 
subepithcbal zono is affected, sometimes the precis* puittrvtis 
quito deeply It is not clear whether the phenomenon represents 
an alteration ill the fibrillar} texture of the pa existing toll igui, 
or whether tho fine fibrils should be agirdid as v mu form it inn 
The former mtcrprctntion is preferred, both on mount of the 
rapidity with which the process apptirs and because the tot il 
thickness of the dermis it pomts where it is in irked is not gu its r 
than at places where there is relativelv little (hinge Uniul tin 
some tuno mast cells begin to increase m number in both dermis 
and subcutis Tho epidermis remuuis m much the same loiiilitioii 
is previously, except that the sui>crticnl kcrituious laver is i*rh q.s 
somewhat denser in structure The hur folhilcs ire mostlv m th*' 
active hypertrophied condition 

Tito first detectable changes Ml the clislie tissue ire found alter 
four or five weeks There cs a gr idu d loss of < hstir fibre * in tho 
upcrficiul p vrt of tho dermis Xonu dlv , the el i'lic fibre s of muu 
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dermis continue up to the epidermal maigm, are most numerous in 
the superficial half of the dermis and most prominent around the 
necks of the hair follicles There is not at tins tune any alteration 
m the texture of individual elastic fibres, only a gradual disappear- 
ance of the superficial fibres leaving small subepithekal zones of 
elastic-free dermis The alteration in the collagen is becoming 
progressively more marked and m some places the whole thickness 
of the dermis may have assumed a rarefied appearance due to the 
leplacement of the normal by the fine, non-refractile fibres The 
fact that the disappearance of the elastic lags behind this process 
seems to be additional evidence against the fine collagen being a 
new formation 

From this time onwards till the appearance of warts (generally 
between the tenth and sixteenth weeks) there is a progressive 
increase m the various changes described above Of these the 
most important seems to be the change in the character of the 
deimal collagen This goes on until in many cases the entire 
deimis is transformed into the raiefied type (fig 6) Later, further 
changes may occur, such as hyalimsation of the collagen, or the 
re-formation of coarser fibres which, however, are straight and fail 
to show the intertwining characteristic of the normal, or the dermis 
may retain its “ thin,” rarefied appearance As time advances 
there is sometimes an increase in thickness of the dermis, suggesting 
that m the later stages at any rate there is a new formation of 
collagen 

This new formation of collagen extends m places to the subcutis, 
so that scars are formed, and it has been found that the site of 
appearance of tumours was related to these scars m a significantly 
high proportion of cases ( cf figs 10 and 11) 

The further changes m the elastic tissue are somewhat variable 
At fiust there is always a decrease m total elastic, due to its removal 
fiom the superficial dermis As tune proceeds, m some mice the 
elastic tissue remains subnormal in amount, in others (a majority) 
there is an increase The new elastic tissue is different m texture 
fiom the noimal, slender, gently curved fibres It is seen as tangled 
masses of fibres or closely packed fragments of granular elastic 
(fig 7) The elastic hyperplasia is patchy and frequent elastic-free 
gaps are seen m the dermis Very often tumours make their fiist 
appearance at the site of such gaps (fig 8) It is not, of course, 
easy to be certain m such cases whether the tumour is subsequent 
oi antecedent to the elastic defect, but it may be said that such 
defects have been frequently seen m mice lulled immediately on 
first detecting a wait They have also been seen underneath areas 
detected microscopically and believed to be early stages in papilloma 
formation 

With the exception of mast cells, which become very numerous 
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, for the view that the subcuticular scais aie 
confirmatory evidence fo pi]loma ta with which they aie 

genuinely m „ e ma rked than is apparently to 

r"ed as “he reLlt of a secondary reaction to neoplastic 

— - - 

them simulatmg leiomyosarcoma bons . Cholmthrene 

Effects of Otter carcinogeni y m etkylcholanthrene 

is practically identical m its e aviour ■ ^ ^ ^ p resen t series 

It happens, however, that the eaihes ld applications of 

occuned m a mouse winch had received four weeMy^PP ^ 

o 3 per cent eholantkrene a «-»• ^ beneath the 

immediately, and microscopi y fl altered type of collagen 
tumour (a rathei large flat one) s iov e elastic was 

Further, the subcutis showed fibrous scars, and the 

absent beneath the tumour an granu ar the same effects 

3 4 wane in 1 per -nt solution otafchl<SM In 

at about the same rate as 0 3 per ce * somewhat moie 

0 3 per cent solution the effects are produced somewn 

slowly produces tte same changes as 

methylcholanthrene but at gave some- 

3 i-benzphenanthrene and 1 e g- ec t s may be 

what equivocal results In 0 f theother fom carcinogens 

regarded as quahtatively similar o alowlv I 11 acetone 

though they progress -ns.derably “^^'^hLccssitate 
solution, however, lesults have ,, nm e mice changes were 

great caution m rnte^retation^^ other am mals lolled 

lieghgible m periods up to -r ’ f irmd which might be 

diumg the same interval showed changes acetone 

expeled by analogy from the otter substices I« 

senes one tumour was obtained with except 

both eases practically no changes were *"*£££ rareSed, 
under the papdlomata In tins situation d Th(j changes 

the elastic broken and the subcutis fihious ( g : ) & pro duced 

therefoie conespond with those foun ue er P ^ ^ absence of 
by moie active carcmogens On the othe , sregar ded 

changes m the rest of the treated skmshoiddnot Je tQ 

The penod of the experiment was not of com r ^ time to 

expect many tumours with compounds w there f ore , tvo mice 
produce them At the end of the expei . ^ One of 

were allowed to survive and applications were contmuea ^ _ >(J , 

these developed a tumour after 28 weeks trea t he tum oui 

dibenzacndine It was immediately killed Be 
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times in the enlaiged iegenerative phase, sometimes m the 1 eat- 
ing noimal phase, and aftex 23 weeks are still abundant The 
supeificial epithelium remains in substantially the same condition 
as when hyperplasia was first seen; indeed it has been seen at 
times to leveit to the appearance of normal mouse epidermis 
In the case of solutions of the non-caicmogemc hydrocarbons m 
benzene, no clianges aie detected additional to those which might bo 
expected with benzene alone, with three exceptions amongst the 
compounds studied, and omittmg a few isolated observations It 
is only necessary tkeiefore to lefer to these exceptions 

1 -methyl-1 2-benzanthiacene in benzene gives epithelial hyper- 
plasia within 2 weeks The changes in the dermis begm a week 
later, and are variable Sometimes they are not distinguishable 
fiom those produced by pure benzene, but in a consideiable proportion 
of mice further changes of a rather active type are found These 
seem to have a considerable inflammatory element and comprise 
oedema of the dermis, especially the superficial deimis, associated 
with leucocytic infiltration The rarefied supeificial dermis is 
frequently occupied by many large active fibioblasts. At certain 
stages the changes under low magnification resemble those pioduced 
by methylcholantluene, but they differ in the presence of oedema and 
in the maiked subepithehal fibroblastic proliferation Further, the 
reaction is not similarly progiessive and even after 23 weeks there 
may be a well marked deep layer of noimal deimal collagen 
Ulceration is moi e likely to occui with 7 -methyl-1 2-benzantlu accne 
than with the other hydrocarbons, and such subcuticulai scars as 
occurred were attributed to tins oi to infection 

Z-viethyl-1 . 2-benzanthracene, in benzene produces reactions sunilai 
to those of the 7-methyl denvative, but of less intensity 

A propoition of the mice treated with chrysene, m benzene showed 
ulceiation at an early stage of the cxpeiiment (6-8 weeks). Histo- 
logically the changes associated with healing of theso ulceis weie 
added to the benzene effects At later stages of the experiment the 
chrysene mice showed no greater changes than those treated with 
puie benzene 

A single mouse killed aftei 14 weeks’ treatment with pyrene in 
benzene showed a quite unusual hyperplasia of the elastic of the 
dermis, taking the foim of a great increase in very fine fibres running 
in all directions tliis appearance was not seen m any other animal, 
mcluding the icmaindei of the pyiene senes 

There was occasional evidence of elastic hyperplasia and granulai 
elastic tissue in mice treated with 1 • 2-benzanlhracene and phennn- 
lltruie m benzene (iig 13) 

Acetone solutions gave much muie clear-cut results It has 
already been stated that after 23 weekly applications of acetone 
itself the skm is still quite normal. 
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tunes m the enlarged regenerative phase, sometimes in the rest- 
ing normal phase, and after 23 weeks are still abundant The 
superficial epithelium remains in substantially the same condition 
as when hyperplasia was first seen; indeed it has been seen at 
times to revert to the appearance of normal mouse epidermis 
In the case of solutions of the non-carcinogenic hydrocarbons ni 
benzene, no changes aie detected additional to those which might be 
expected with benzene alone, with three exceptions amongst the 
compounds studied, and omitting a few isolated observations It 
is only necessary therefore to refer to these exceptions 

7 -metliyl-1 • 2-benzanthracene in benzene gives epithehal hyper- 
plasia within 2 weeks The changes in the dermis begin a week 
later, and are variable Sometimes they are not distinguishable 
from those produced by pure benzene, but in a considerable proportion 
of mice farther changes of a rather active type are found These 
seem to have a considerable inflammatory element and comprise 
oedema of the dermis, especially the superficial dermis, associated 
with leucocytic infiltration The rarefied superficial dermis is 
frequently occupied by many large active fibroblasts At certain 
stages the changes under low magnification resemble those produced 
by methylcholanthrene, but they differ in the presence of oedema and 
m the marked subepithelial fibroblastic proliferation Further, the 
reaction is not similarly progressive and even after 23 weeks there 
may be a well marked deep layer of normal dermal collagen 
Ulceration is more likely to occur with 7-methyl-l . 2-benzanthracene 
than with the other hydrocarbons, and such subcuticular scars as 
occurred were attributed to this or to infection 

3-methyl-l 2-benzanthracene in benzene produces reactions similar 
to those of the 7-methyl derivative, but of less intensity 

A proportion of the mice treated with chrysene in benzene showed 
ulceration at an early stage of the experiment (6-8 weeks) Histo- 
logically the changes associated with healing of these ulcers were 
added to the benzene effects At later stages of the experiment the 
chrysene mice showed no greater changes than those treated with 
pure benzene 

A single mouse killed after 14 weeks’ treatment with pyrene in 
benzene showed a quite unusual hyperplasia of the elastic of the 
dermis, taking the form of a great increase in very fine fibres running 
in all directions : this appearance was not seen in any other animal, 
including the remainder of the pyrene series 

There was occasional evidence of elastic hyperplasia and granular 
elastic tissue m mice treated with 1 • 2-benzanthracene and phenan- 
threne in benzene (fig 13) 

Acetone solutions gave much more clear-cut results. It has 
already been stated that after 23 weekly applications of acetone 
itself the skm is still quite normal 
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Fig 10 — Three 'weeks 1 2 5 6-dibenzanthracene in benzene Already there 
are well marked epithelial hyperplasia and replacement of superficial dermis 
by fine-fibred collagen The latter change is unusually advanced for this 
compound x 145 

Fig 11 — Eighteen weeks 12 5 G-dibenzacridine m acetone Beneath the 
papilloma the dermis is altered and there is some subcuticular scarring. At 
the sides of the section the dermis is practically normal X 45 

Fig 12 — Benzene alone, 21 weeks Most of the dermis is of normal texture except 
for a narrow subepithehal layer [Regenerative changes in hair follicles X 50. 
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With every non caromogeruc liydrocaibon tested some normal 
nuts were obtained at the end of the experiment Tins is significant, 
in that it tends to show that when changes did occur, additional 
factors must havo played a part, whether they were intrinsic in the 
particular animal or due to external causes 

In two mice treated with 1 2 benzanthracene in acetone thoro 
was slight rarefaction of the superficial dermis after 18 and 21 w eels 
The changes corresponded with those seen after 3 weeks with 
lnethylcliolanthrene 

1- mclhyl-l 2-benzanthracene m acetone gave epithelial hyper- 
plasia in one mouse aftei 3 weeks without changes in the dermis 
Of 7 mice lulled at 21 weeks, 2 were normal (fig 14), 3 showed 
trivial changes and 2 showed extensive changes associated with 
inflammatory colled infiltration and oedema (fig 15) It is therefore 
dear that the reaction to 7-methyl-l 2-benzanthracone in either 
solvent is not constant, but there does appear to be evidence 
that when mflamniation is present this hydrocarbon intensifies its 
effects 

2- methyl-l 2 benzanthracene in acetone showed discontuiuous 
epithelial hyperplasia in a mouse lulled at 5 weeks At later stages 
mice showed ulceration and leucocytic and lymphocytic mfiltration 
of the dermis and suboutis At 21 weeks one mouse showed 
inflammation and oedema similar to but less marked than with the 
7-methyl compound in 2 mice at this stage Other mice killed at 
tins time were normal 


Additional observations 

The iesult3 with non-carcinogemo substances seemed to show 
that certain changes brought about by carcinogens in the connects o 
tissues of the dermis and subcutis are significant The question 
arose as to whether any or all of these changes might be a secondary 
result of the epilation associated Hath the action of carcinogenic 
agents To test this point, a group of mice were chpped in the 
mterscapular region, and removal of the hair was continued when 
necessary over a ponod of some weeks, during winch the mice were 
lolled at intervals Histological examination of their skins showed 
that at no stage did changes occur either m the epidermis or in other 
parts of the skin The interesting observation was made, however, 
that the hair of these mice grow very rapidly at intervals, and very 
slowly in the intervening periods During periods of active growth 
the histological appearance of the follicles is identical with that seen 
during the phase of regeneration after epilation by carcmogons, i c 
they were greatly enlarged and dilated, with an increaso m the swo 
and clanty of the cells of the internal root sheath, and onlargcd 
hypereliromatio bulbs penetrating deeply into the subeutis Tins 
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confirms the view that the occurrence of similar changes cluimg the 
application of hychocarbons represents a purely regenerative process 
and has no element m itself of a degenerative phenomenon 

Further information corroborating the view that the changes m 
the de rmis and subcutis are of importance in relation to tiunour 
formation was obtained by studying the reactions to benzpyrene of 
two puie strains of mice bred in this laboratory by Mrs G M Bonsei 
There were available 19 mice of a strain in which tar tumours arise 
unusually early, and 25 of a strain in which the first appearance of 
tumours is much later than the average Weekly applications of a 
1 per cent solution of 3 . 4-benzpyrene m benzene were made an 
the mice killed at intervals for histological examination It vas 
found that the changes in the dermis, especially the replacement o 
the normal collagen by the fine-fibred non-refractile type, advance 
more rapidly in the mice of the early tumour strain, and that at t ic 
time tumours appeared the dermal changes had reached approxi 
mately the same stage in each group of mice It was also observec 
that the first epilation occurred more rapidly m the early tumour 
strain, the animals of which were all completely epilated aftei one 
week , regeneration of hair was also brisker in this group 

In order to compare the effects of the carcinogenic hydrocar ons 
with those of other chronic irritants, a study has been made o t ic 
skins of mice undergoing weekly treatment with the following 
apphcations * — 20 per cent, formalin (= 8 per cent formalde y ® 
m acetone, 10 per cent acetic acid m acetone, 10 per cent cio on o 
in benzene, 0*1 per cent mustard gas m benzene and in acetone ant 
0 06 and 0-03 per cent, of the same in hquid paraffin, 0-25 per cen 
cantharidin m acetone, 2 per cent lodo-acetic acid m benzene, ^ 
50 per cent turpentine in acetone and 20 per cent pyioga 0 11 
acetone . , . 

Formalin and acetic acid, m the concentrations used, are wi °* 
histological effect on the skin lodo-acetic acid gave no c iang 
which could not be attributed to the solvent benzene Croton oi is 
qualitatively not unlike the carcinogens in its effects, but very mu ^ 
slower in altering the connective tissue , in periods up to 2a uee * 
there was always a well defined deep layer of normal dermis , i 
possible that this substance is weakly carcinogenic, as a, 8I11 f 
papilloma occurred in one mouse. Mustard gas and cant ian 
aie similar ui their effects . theie is a considerable uiflanima o 
element in the leachon, the dermis and subcutis are infiltrate " 1 
leucocytes and polyblasts and the superficial dermis contain 1118 
large active fibroblasts and is frequently cedematous ( g 
Though macroscopic blistering is not observed in the mouse, m,cr ^ 
scopieally the hyperplastic epideimis is often split into layeis ^ 
separated from the underlying dermis by oedema fluid, and hy l °I 
degeneiation of the epithelial cells is common. Even at c ie ei 



JOUKhAL OP 1‘ATJIOLOGr— VOL. SLVt 


LV 


L j l, 3 


PltECAJCSEJOUB SKIN CHANGES 



Fio 13 — Sixteen vest 1 one in benzene Tho elastic tissuo is grunulur and 

there are gaps m i - js is more frequent with carcinogens y 03 
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Fig 15 — Eighteen ^oe 7 ~ i , 1 nzantliraccno in benzene Dennis is altered 


but change is accompa i*/» i- * loucooytic infiltration and oedema, test wtn in 

the superficial dermis ✓ 7v 



p ia 16 — Ninctoui weeks cunthandin in acetone Chany s \« rj 


similar to those of fig 15 y 70 
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onrlJ'i 661 ? W f r ° B 8 enera ^y an wtaot deep layer of normal dermis, 
ana subeutioular scarring does not occur in the absence of ulceration 

offi> t S ,^f' 10es studied, turpentine approaches most closely in its 
c s o the carcinogens, but again inflammation is a more 
n | U P| 1CU0US * ea *' ure > as shown by infiltration with leucocytes and 
po y lasts os compared w ith the carcinogens, the epithehal changes 
ate disproportionately grenter than the dermal , turpentine always 
eads to loss of hair, hut not to complete alopecia at any stage 
yrogallol gave a somewhat peculiar result in that epithehal hypor- 
P asia developed slowly over many weeks, accompanied by a slow 
but piogressive epdation in winch recovery phases did not occur 
the changes in the collagen of the dermis w ere trivial unless infection 
or ulceration took place 


Discussion 

Comparison of the present findings with those obtained in earlier 
experiments with coal-tar shows somewhat unexpectedly that the 
course of the reaction with the latter substance lias many poults of 
similarity to that with the pure carcinogenic hydrocarbons In the 
early stages of tamng the similarity is not so apparent, as there is 
always a considerable inflammatory reaction, with infiltration by 
leucocytes and other cells It is reasonable to suggest that these 
aoute inflammatory phenomena are brought about by constituents 
of tar other than the carcinogenic component benzpyrene In Iator 
phases of tarring the mflauunatory changes subside, and the histo- 
logical picture becomes much the same os that seen with the most 
active of the pure carcinogenic hydrocarbons Moreover, the aychc 
epilation and regeneration of iutir is also a feature of tumour 
induction by coal-tar 

Wlule most of the old lustological w ork on tar cancer is concerned 
with the epithehal changes, a number of authors directed attention 
to the possible importance of changes in the deeper tissues 
DOderlem (1926), for example, found changes m the collagen of the 
dermis after 14 days, and aftBr tlirco months there was much 
granulation tissue m the dermis and the superficial layers of elastic 
tissue were broken up Ins view was that the dermal changes 
affected the nutrition of the epithelium, so that there gradually 
emerged an aggressive type of cell (the cancer cell), the product of 
its difficult life conditions Guldberg (1931) pomts out that almost 
from the beginnuig there is an increase in the finely fibrillar collagen 
of tho dermis, advancing as the experiment proceeds, and incon- 
stantly accompanied by changes m the elastic tissue Ho confirms 
tlio work of Kreyberg oil tho importance of congestion niul tho 
formation of telangiectases Boiglu (1926) found that in tho tnrrcil 
ear of the rabbit tho comicotno tissue fibres showed a process of 
dissociation winch preceded deep proliferation of tho epithelium 
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In comparing the cifceta of pure <.hemic.il < .m mogens w ith uth< r 
applications, the chief changes winch appear to he of significance are 
(l) the alteration of the collagen oi the dermis to a line-fibred, imn- 
icfraetile type without associated cellular activity, {nj alt erat toil'* m 
the shuctuie rathei tluin the cpiantity of the elastic tissue. p») 
< ongtdtion of the buhcutis In respect ot the actual bite* at which 
turnouts arise, fibrosis of the subcutus and gap-* m the elastic of the 
dtrimt may he significant, though it is important to remember tint 
these points can only he adequately pioved for papillomata ; their 
U'latiotiship to caitinoma mint it-main sub judict 

Additional changes uluch occur with carcinogenic .suhstanu > 
may he duplicated by other (non-carcmogemc) apphtatioii*. 
♦Squamous Ity’pcrpla&ia of the epidemic* is seen, for utstauee, with 
7- or .1-methyl- 1 . 2-hcimmtiuaeene in a piopoition of mice, and 
with turpentine, cantharidin, etc. and it will develop more slowly 
with hen/cne alone. Mast celLs aie always coiespienuush mcrea.seil 
with the carcinogens, but tho same applies to all &uM»iucs whu 1 
pioduce .i reaction of any kind in the .skin. Tho hah folli* In'' 
changes with carcinogens, hut all these c.ui lie produced I ^ 
carcinogenic substance*, with the exception of t ho lm.d t-l» 
the c ascs where hair follicles take part m uuuoui fonnaitou 
An intei cst mg aspect of tlie earunogc-nic reaction i> it* 
prugivs.su c, non-udlammatory chmucter. Leucocytic mliht 
the tissues plays no nece-s.uy p.nt in the reaction . that it sot 
occurs may he attributed to accessory circumstances such us ttt 
With the great majority of the other substance-' tested an 
mature iactoi is present in tho changes produced Indeed, t 
si long evidence that m the absence of other factois none 
iion-c irunogcnic* hydrocarbons piodiuo any ihangts what 


w hen dissolved in acetone 

The it'sull s obtained with 1.2: <> 0 diben/a< ridllie and 
hui/plu uanthre-ne arc* ddiicuit to inlerptc-t. t ndouhfcdly 
possible to get ahuo-il nuitual skills alter many wc<; 
y.itli tkc'so compounds On the other baud, w 
puocnt the underlying ti-siu- ulu.n s show tin 
In c-u postulated above as characteristic of the c u< u* 

It in he lli, it tiiC't* weak i an inogtus requiring 
t u n- to prodme (mituni ,, operate* most effectively on l< 
tie -km m ahi>h fur s(,me n.t un MmdttioUs are iu»ae 
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pr* cut remits tend to -how that tie* >»* 

> m* h>drn> arh«*n-» is m i ,ei»-o an indue* t Sli 1 
i ' *'h m g«- m 1 1 •* • pitin hat uli* un< I •*" '* * 1 * oiai *k 4 * 
.a* tu tlair >n,iri>Miunt ari-mg front tf.r i.*' * * 
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wluch they exhibit But this early hyperplasia is also obtained 
in a histologically identical form with substances winch are never 
carcinogenic This epithelial increase in the case of the most potent 
carcinogens is almost immediate, and attains its full extent within 
the first week, after which there is but httle change until the tune, 
about three months later, when tumours are going to arise Two 
explanations are possible First, after the prnuary hyperplasia h is 
been achieved, the action of the carcinogen may enter upon an 
entirely different phase, so that the cells are progressively altered by 
its action to tumour cells without undergoing further numerical 
increase Alternatively, the direct action on the epithelium mav 
remain similar throughout the process, surface loss of cells counter- 
balancing hyperplasia after a certain point has been reached, and its 
cancensation be a secondary result of changes in the deeper tissues 
To the author, the second hypothesis seems the more tenable for 
various reasons of which two may be mentioned Thore is no great 
difference in the times taken to produce epithelial hyperplasia by 
methylcholantlirene and 1 2 5 6 dibenzantliracono, but the rate 
of progress of the ohanges in the dermis is much slow er with the latter 
substance, and the average time taken to induce tumours with 
it is correspondingly longer The macroscopic character of 
“ precancerous ” mouse skin is very typical it is not only thickened, 
but has lost its normal elasticity , such changes seem to bo moro 
appropriately referred to the dermis than to the epidermis 

The ohanges m the clastic tissue itself have already been 
mentioned They aro of interest m relation to the work of Bierich 
(1927) with tar He found that the elastic was mcrexsod constantly' 
in tarred mice, and ho attributed this to an over production of laotio 
acid Many subsequent authors have disagreed with this statement, 
and have found that wlulo increase m elastic may occur m tarred 
mice, the phenomenon is by no means constant The present u ork 
with pure hydrocarbons gix es similar results , the amount of cl istic 
is frequently increased, but by no means invariably It lias been 
found markedly increased with non carcinogens The alteration in 
the character of the clastic tissue appears a moro sigiuficant 
phenomenon 

Evidence has been given previously' (Orr, 1971 , 1935, 1937) 
that tho origin of tumours may bo to some ovtont attributed to 
functional iscluemia of the sites at winch thoy arise There is an 
uidicatiou of marked vascular alterations in tho subcuticular 
congestion winch is a feature of the action of carcinogenic hydro- 
carbons Attention was directed to the vascular aspects of lar 
carcinogenesis by Kroyberg, who behoved that tho congested vessels 
indicated tho presence of a truo hyperemia with ovcr-nutntion of 
tho epithelium, the latter being responsible for its assuming neoplastic 
properties Reasons have been gi\ en in tho previous papers for 

JOUim OP PATH — YOL. XLTX. 2 k 



disagreeing with Kieybeig s view, and foi regarding the congestion 
as passive This attitude is shared by Hval, who apphed Kreybeig’s 
technique to the study of the action of 1 2 5 6-dibenzanthracene 
If it is true, the excess blood m the tissues is stagnant, and the 
effective blood supply reduced This is m keeping with the considei- 
able accumulation of evidence in other directions, e.g. metabolism, 
that tumours arise in cells winch are suffering hom oxygen lack 
The subject is raised again because it seems possible that the fibrous 
scais which have been observed in the subcutis of the piesent mice 
may be of importance in the mechanism of intei ference with the 
local circulation 


Summary 

An investigation has been made of the changes in the skm of 
white mice treated with six caicinogeruc hydrocarbons, ten non- 
carcinogemc hydiocarbons of lelated chemical structure, and a 
group of unrelated mutants They have been used in solution in 
benzene and acetone, the latter solvent benig of gieater value for 
the present purpose as it is without effect on normal mouse skm 

Early epilation is a striking feature of the action of cliolanthiene, 
methylcholanthrene, 3 4-benzpyiene and 12 4 6-dibenzan- 
thracene, but not of 1.2.5. 6-ckbenzacridine and 3 4-benzphen- 
anthrene It occurs with some non-carcinogemc hydrocaibons, but 
to a much less extent than with the four most potent carcinogens 
After epdation by a caicinogen, the regenerated hair is abnormal m 
character 

The appearance of tumours is pieeeded by a progressive 
thickening and loss of elasticity and by passive congestion of the 
skm Ulceration of the surface does not beai any relationship to 
tumour formation 

Histologically, the carcinogens produce squamous liypeiplasia of 
the epidermis in the first weeks of treatment Thereafter, the 
progressive changes aie found m the deeper tissues and the most 
significant phenomena aie — 

(1) Transformation of the collagen of the superficial, and later 

of the whole, dermis into a fine-fibred, non-refiactile type 

(2) Passive congestion of the subcutis 

(3) Alterations m the texture of the elastic tissue, without 

necessarily any increase in its amount 

(4) Absence of inflammatory cell in fil tration 

When tumours appeal’, they are frequently lelated to fibious 
scars in the subcutis, to gaps m the elastic tissue of the dermis, oi 
to both 

In comparing the carcinogens, the late of progress of the changes 
cited corresponds with the rapidity with which tumours are induced 
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Similarly, mice in, which tumours appear early or lato are those m 
w Inch these changes advance rapidly or slowly respectively 

When comparable changes occur with uon-carcmogemc appli- 
cations, evidence of inflammation is usually present 

It is suggested that the cancerisation of the epithelial cells by 
the carcinogenic hydrocarbons is at any rate partly the result of the 
changes in the deeper tissues, and that its mechanism may bo 
related to the consequent interference with their nutrition 

My very sincere thanks are duo to Professor J W Cook, FRb, who 
supplied me with a selection of hydrocarbons which would not otherwise 
havo been obtainable and without which this work would have beta 
impossible, and to Professor E L Kennaway FRS, who discussed tho 
results with mo and offered many helpful comments 
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the cells are supiavitally stained, it is still quite marked even at 
25° C Motility will continue for hours provided that the coverslip 
is efficiently sealed, the preparation kept reasonably warm, and the 
hght not used for long periods of time. Non-motile cells such as 
myeloblasts may show some changes m cell shape, as from round 
to oval These changes appear to be produced by mechanical 
causes such as convection currents , pseudopodia and other signs 
of true motihty are never seen 

Cell outline and nucleus The cell outline appears as a thin 
line of hght The outline of the nucleus is equally well demarcated 
and the central portions have a reticular structure 

Granules The most striking cytoplasmic structures are the 
granules found m mature granulocytes , they are large, round 
and brilliantly illuminated The exceedingly large granules of 
eosinophils are resolved into migs of hght (fig 3) 

In supravitally stained preparations other granular structures 
appear, particularly in primitive cells , such structuies, because 
they stain with neutral red, are known as neutral red bodies In 
unstained preparations all neutral red-staining structures appear 
as lound granules winch aie illummated in the same maimer as the 
granules of mature granulocytes , they vary somewhat in size 
and the larger are resolved into rings of hght These neutral red 
granules can readily be identified by reason of their characteristic 
distribution m particulai cells 

Mitochondria Eor some unknown optical or other reason, 
mitochondria are much less intensely illuminated than the granules 
Mitochondiia vary considerably in size , they may be fine dust-like 
points of hght (fig 8) or thin elongated filamentous structures 
(fig 11) , in certain cells, particularly lymphoblasts, they may be 
somewhat thicker and may even assume a round or oval form 
(fig 10) 

Individual cells 

Bed cells The erythiocyte appears as a thick bright ring of 
hght (figs. 1, 14-16 and 18-20) , the cells clump together hi masses 
and rouleaux, leaving clear spaces in which the leucocytes he 
Nucleated cells have the same thick cytoplasmic border , the 
dense nucleus of the normoblast and the cartwheel nucleus of the 
erytkroblast are easily identified (figs 12, 13 and 15) 

Granular cells The neutrophil polymorphonuclear leucocyte 
(figs 2, 14 and 15) is the most active cell seen In shape it is 
elongated and irregular, in size some 15-20 fi long by 5-10 p bioad, 
and it moves across the field at a rate of about 30 p pei minute 
The lobes of the nucleus are easily visible , they appear as clear 
aieas with a faint outline and chromatic structure The cytoplasm 
is filled with relatively coarse bright granules which constantly 
stream in sympathy with the motion of the cell There is a very 
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The lymphoblast (figs 10 and 19) is similar to the myeloblast, 
but the chromatin structure of the nucleus is denser whilst the 
mitochondria are larger and either oval or round The mito- 
chondria are either grouped round the nucleus or scattered diffusely 
There are no granules The cell is distinguished from the myeloblast 
by the much greater size of the mitochondria and then* less close 
packing Maturation of the cell is indicated by the appearance of 
bright gianules , in acute leuksemia the number of these may 
gieatly exceed that seen in the normal mature cell 

The monocyte (figs. 11 and 20) is a large amoeboid cell about 
7-15 x 20 /a in size Two or more blunt pseudopodia are usually 
piesent The shape of the cell constantly but slowly changes 
The nucleus is commonly U-shaped, but may be circular or trefoil 
Fine dust-like and thread-like mitochondria are scatteied through- 
out the cytoplasm, with the coarser, brighter granules amongst 


them The granules occasionally form a rosette 

The premonocyte is larger, more active, and more richly supplied 
with granules and mitochondria than the mature cell The shape 
and motility of the premonocyte and the uniform distribution of 
its mitochondria and granules distinguish it from the myelocyte B. 


Discussion 

Living preparations of blood examined by dark-ground 
dlmmnation show features sufficiently characteristic to enab e 
both primitive and mature leucocytes to be identified We have 
noticed that cells which appear highly primitive in a Romanowsky- 
stamed preparation are found, on examination either after 
supravital staining or unstained by dark-ground illumination, to 
be more mature than the stained dried film would lead one to 
suppose. It is extremely rare to find true myeloblasts in t e 
peiipheral blood , what appears to be a myeloblast in a Romanowsky 
film is almost always a myelocyte A in a vital preparation 

The lymphoblast is readily distinguished from the myeloblas 
both by its nuclear appearance and by differences m the size an 
distribution of the mitochondria. 

A feature of the monocyte series is that the mote piuiiitiv® 
cell — premonocyte — is more motile than the mature cell. T s 
is the reverse of what is found in the myeloid senes and ll ° 
only a valuable differentiating point but one which may evcntua y 
throw some light on the origin and development of the monocyte 

Our thanks nro duo to Professor McIntosh for much helpful advice and 
cntici-m and to tho Lady Tata Memorial Trunt for a grant to one of us b I 
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In 18 hours the spleen showed little macroscopic change Histo- 
logically the syncytial nuclei of the pulp and the nuclei of the 
marginal zone of the malpighian follicles showed thickening and 
megulanty of the nuclear membrane and there was swelling of 
the cytoplasmic syncytium. The latter condition resembled cloudy 
swelling rather than simple oedema In places, acidophilic staining 
was marked, indicating the beginning of coagulation necrosis 
Occasionally frank peripheral necrosis of the follicular syncytium 
and of the lymphoid cells was present The free cells in the pulp were 
not so much affected In 48 hours the whole syncytium appeared 
eosinophilic and the meshwork of the pulp became indistinct The 
necrotic changes had affected some of the nuclei of the pulp and 
many of the lymphocytes showed karyorrhexis 

Repeated large (toxic) doses 

Following 12 to 58 injections of 15-20 and 20-30 mg of 
manganese chloride per kg body weight, amounting in all to 330- 


4 



Text no 1 — Showing degree of splenic enlargement, as judged by the sp 
weights, in manganese intoxication in rabbits, the black columns repres 
the estimated normal weight The abscissas show the total amount of the urufc 
administered (m mg per kg body weight) 

990 mg , the changes met with were as follows Maoroscopieally 
the spleen showed an increase m size and weight averaging about 
twice the normal (text fig 1) The capsule was tense, greyish 
purple and slightly more opaque than normal 

Microscopically the spleen showed changes m the malpighian 
follicles and an erythrophagocytic reaction in the pulp and sinuses 
Capsular thickening and fibrosis were geneially present, but only 
to a slight extent. Most of the malpighian follicles were affecte 
(fig 1), but the change appeared more advanced in some than m 
others. In many cases coagulation necrosis of the cytoplasmic 
syncytium of the marginal zone of the follicle was followed by 
collapse of the mesh, and a gradual increase in the aigentophi e 
reticulum fibres could also be made out In the later stages, 
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marginal zone from multiplication of the cells m this region. Tlicso 
dividing cells had pale oval nuclei and lesembled germ centre cells. 
Regeneration seemed to commence in two zones, one at the centre 
of the follicle as in man, the other at the periphery where the change 
appeared moie marked. Erythropkagooytic reactions iveie less 
marked both in pulp and sinuses Sinus congestion and engage- 
ment of the pulp veins m the ckiomc cases indicated that the 
cu’rhotic changes in the liver had caused a certain degieo of poital 
stasis Frequently the sinuses appealed distended with mononuclear 
and polymorphonuclear leucocytes, indicating that inflammatory 
changes weie also present. Often these cells were piesent in clusteis 
in the pulp On the whole proliferative changes weie more marked 
in the follicles than in the pulp In five rabbits in which the 
injections weie chscontmued for a period of six weeks to study the 
legenerative effects, the proliferative changes in the follicles leached 
an extraordinary degree (fig. 4) 

The liver fibrosis was similar to but slighter than that seen with 
repeated larger doses 

Summary. 1 In acute manganese intoxication in rabbits 
theie is diffuse or localised perivascular toxic necrosis in the spleen 
correspondmg to the liver necrosis 

2 In cluomc manganese intoxication repeated pouai tonal 
neciosis is followed by fibrillary overgrowth and m the later stages 
by a spread of fibioblastic tissue from the vessels so that areas 
of periartenal fibrosis are formed These changes in the spleon 
tonespond to the early stages of peripheral necrosis and peiiductal 
inflammation in the liver. 

3 A splenomegaly of moderate degree is an accompaniment of 
these early pre-cuThotic changes. 

4. With veiy small doses of manganese and daring lecoveiy 
from the manganese intoxication there is maiked piolifeiative 
enlargement of the spleen Well marked hyperplastic reactions 
are then found in the malpigliian follicles suggestive of the condition 
called “ lymphoid leticulosis ” 

o Exaggeration of the erytlirophagocytic activity of the spleen 
with formation of nmneious Juematophages which actively ingest 
ted cells produces a condition suggestive of splenic aiuenua 

2 C-VKBON TETUACIILOKIDE INTOXICATION. 

Methods Thirty-two young nlbmo rats together with 8 controls and 
IS guinea pigs with l controls were used. Tho animals wore kept under the 
-urno condition-) and were fed on tho same diet. Great care was taken to 
o' oid any cage infection by cleaning anti disinfection of the cage* twite 
a wish. For rati, pure undiluted carbon tetrachloride wu* gain b> 
of a tuberculin sjrmgo ui do ■> ranging from 0 OS to 0*13 c.c evtry tlunl 
day. do-, -i .lightly It,-.-, than tho-t* of Cameron and Kurunaratno (K*3o) 

It w e, uofei'l that, at the * oinmuiceincnt, do->t-» largi r than 0*1 e e* e.ui-<d 
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local necrosis at tho situ of injection but if tho needle w u introduced tk ph 
into tlio subcutaneous tissue and tho fluid spread out bj masMigot larger 
doses could bo mjected without much local damage Tho injections rn.ro 
given mto tho skin, of tho abdominal wall nuir tho middle lino wh\ ru tho 
tissues oro very lax and tlio skin is rather thin Injections into thi tad 
invariably followed by necrosis For guinea pigs Uomm ranging from 0 lo to 
0 25 c c were used but wero so toxic as to cause death in 2 ti days Ik rev 
tho effect of repeated injections could not bo determined m Ukm umtuaL* 
Animals wero killed b> dislocation of tho ccr\icul ■-pmo mid not by ith«.r 
nnaiathesin, ns it was found that re»piratorj fafluro interfered w ith tho 
\ oscular state of tho spleen The whole spleen and tho «pkn«c 
portions of tho liver and the kidnevs heart and udrvnals wttv n moved for 
histological examination 

Results in tho rat 

Tlie effect on the weight of the rat’s spleen of \ irious lotil 
amounts of carbon tetrachloride is show n ui tevt fig 2 



Tixr no 2— Showing the dign«o of •plmio tul moment a* ju hjt I by »« r lt 
in carbon tctnchloruli* mtoxuvitiun in rtta tlu Wo*-*, tulumua n |>rr^ nl 
tho cat unit ted nonmil w tight of tho tplo « for «orli aiunuil (0 -? j«* r it-i t f 
body weight) One case showing « xtremo lij pcrpl W ^ 1 '<* ft buufc * ,mc * ** * 
normal sizo u not included In this < luut fhe ab<*»^x thou tl o lot d amount 
of the drug adimm*»tcrvd (m v c ) 

Suiglc doiC4 

.Utcr .i <W of 0 5 c t, t irbiin Ictrithlonde thu »j>lo u •.lu.wul 
hwelbng of tho sjiuytium, filling ui of tlio pulp nu Ji »uil m* «««»' 
cloingco in tho nuUu Dcguurituu Mulling of tho pulp ln*» Ixni 
ittributoil to iiitulvtu lhaugc (IVrLi mil M inu..ri»lon 1"3 1 >, 
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marginal zone from multiplication of the cells in this region These 
dividing cells had pale oval nuclei and lesembled germ centie cells. 
.Regeneration seemed to commence in two zones, one at the centie 
of the follicle as in man, the other at the periphery where the change 
appeared more marked Erytluophagocytic reactions veic less 
marked both in pulp and sinuses. Sinus congestion and engorgo- 
ment of the pulp veins m the chronic cases indicated that the 
cnrhotic changes in the liver had caused a certain degree of portal 
stasis Fiequently the sinuses appeared distended with mononuclear 
and polymorphonuclear leucocytes, indicating that mflammatoiy 
changes weie also present. Often these cells were present in clusters 
in the pulp On the whole prohfeiative changes weie moie marked 
in the follicles than in the pulp In five rabbits in which the 
injections were discontinued for a period of six weeks to study the 
regeneiative effects, the proliferative changes m the follicles leached 
an extraordinary degree (fig 4). 

The hvei fibrosis was similar to but sbgliter than that seen with 
repeated largei doses 

Summary. 1 In. acute manganese intoxication ui labbits 
there is diffuse or localised perivascular toxic necrosis in the spleen 
coiresponding to the hver necrosis 

2 In chronic manganese intoxication repeated periarterial 
neciosis is followed by fibrillaiy overgrowth and in the later stages 
by a spread of fibroblastic tissue from the vessels so that areas 
of penarterial fibrosis aie foimed These changes in the spleen 
correspond to the early stages of peripheral neciosis and periductal 
inflammation in the hver 

3. A splenomegaly of moderate degiee is an accompaniment of 
theso early pre-cirrhotic changes 

1 With very small doses of manganese and dming lecoveiy 
fiorn the manganese intoxication there is marked piohfciatx\e 
enlargement of the spleen Well marked hypci plastic reactions 
aie then found in the malpigluan follicles suggestive of the condition 
called ‘ lymphoid reticulosis.” 

o Exaggeration of the erytlirophagocytic activity of the spleen 
isith fonnation of numerous iuematophages which actively ingest 
xed celk pioduce-s a condition suggestivo of splenic antenna 


2 CAltBOX TbrilACllLOlUDi. INTOXICATION*. 

Methods llurty-two joung ulbmo rat-, together with 8 controls unit 
IS guinea-pig-* with l control* wum u.->ed. The munuiLj were kept under thn 
''Unu condition* and wire led on the bamu diet Great caro wiw taken to 
atoid any cage infection bv cleaning and di-sinfeetion of tin c-'gv-> twin* 
*» we,k. For ru*. punt undiluted carbon totniehlondo iwu gn > » b> itt' 
ot a tuberculin Hiringu m do r.uigmg from 0 OS to 0 13 uc eier> thin! 
<hn, do i -dighth !«•■»* than thou of Cun* run and Kariuiuritiia (I93t>). 
li uu* not'eed thai, at tha eomnii nc> m» nt, do < i larger than 0 1 i e euu*.d 
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owing to a spread of fibrous strands from fclie capsule, but tins 
was never marked The malpigluau follicles shooed well marked 
hyperplastic reactions as m the earlier stages {fig 0) The cellular 
foci m the pulp were more diffuse and it seemed as if the retioulo- 
endothehal reaction liad produced a free macrophage tissue m 
which numerous basophilic colls were present (fig 7) Between the 
pale staining pulp nuclei, lymphocytes and basophilic cells anil 
clusters of eosinophilic and neutrophilic leucocytes were present 
Erytliropkagocytosis was more marked than normal 

The liver showed well marked multilobular cirrhosis with 
strands of fibrous tissue breaking up the lobules In many places 
tlie sinusoidal system had disappeared Regenerative changes were 
marked 


Rosults in the guinea-pig 

Carbon tetrachloride m doses of 0 15-0 20 o o caused death in 
two days in 8 annuals After two injections of 0 1 o c death 
occurred in two animals m 6 days The effect of repeated small 
doses could not therefore be determined, oven though Van Dor 
Schueren (1932) claims to have produced cirrhosis with doses of 
0 25 o o twice weekly for four weeks 

In animals dying after 48 hours the spleen showed slight necrotic 
reactions, chiefly m the pulp syncytium Engorgement was not 
met with Widespread cell accumulation was constant Histio- 
cytic differentiation was quite marked m tlie pulp syncytium and 
littoral cell proliferation in the sinuses Many free mononuclear 
cells thus appeared m the pulp , very often there were focal clusters. 
With numerous polymorphs and lymphocytes, both in the smuses 
and around the vessels (fig 8) Clusters of basophilic cells sunilar 
to those met wutli in the rat’s spleen were uncommon Capsido- 
trabeoular changes were not distinct nor was pulp fibrosis met 
with The cellular reaction appeared to be a primary response to 
the toxic agent, for there waa no complicating sepsis and it was 
constant in all animals In 6 days after injection the reaction 
had subsided 

Summary 1 Single doses of carbon tetrachloride produce 
diffuse syncytial necrosis and lymphorrhems in tlie rat’s spleen 
The necrotic reaction is occasionally localised to the marginal zone 
of the malpiglnan follicles Guinea pigs show proliferative changes 
rather than necrosis The liver at tins stage shows acute necrosis 

2 With repeated administration of carbon tetrachloride to 
rats there is marked proliferation of reticulum in the spleen and 
fibrillary overgrowth The liver shows collapse sclerosis 

3 Splenomegaly is often present in the early “ pre-cirrhotic ” 
stage 

4 With the development of hepatic cirrhosis there is super- 
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but here the grading of the reaction with different degrees of toxic 
damage indicates that the mesenchymal tissue of the spleen is just 
as liable to undergo toxic necrosis as parenchymatous cells 

With a single dose of 0-2 c c the spleen showed a vanab e but 
diffuse congestion, .slight lymphorrhexis in the malpighian follicles, 
swelling of the pulp syncytium and opacity of the qynoytj® 
plasm Occasionally the nuclei appeared moie opaque an 1 y 

Three doses of 0 2 cc every two days 

The spleen showed variable congestion In the 
follicles hyperplasia of the marginal zone was sugges e y 
mesence of pale-sta^mg cells with oval nuclei ™ 

hhromatm meshwork These resembled endothehmd c^s * 

horn reticulum rather than lymphoblasts Germ centra > 
m the centre of the folhcles and the presence of numeious * £ 
cells with deep-stanung opaque nuclei mostly ^ 

central zone suggested lymphocyte formation P 

with basophilic cytoplasm and larger nuclei sugges marked 

cells were also bemg formed Necrotic changes were .not mark^ 
in the folhcles Small circumscribed areas of mono 
and plasma cells, normally found m the pulp of & 
seemed to be undergomg active proliferation these ctete 
mamly grouped around the smader arterial capdlm«> 
trabeculae Necrotic changes m the syncytium occur y 

side with prohferative regeneration The capsdo-trabeeuta^ 
seemed rather thm and stretched and occasionaBy 
softening and neciosis could be made out , vascular a 
not definite 

Repeated small doses 

With 10 to 30 injections of 0-1-0-15 c o carbon tetoMjhtaJtfc 
amountmg m all to 1 8-3 3 c o , m two to ten weeks the r 
in the spleen were more or less similar (c/ fig 5) tllC 

The liver now showed a condensation of the retie fche 

necrotic aieas and a gradual spiead of fibrous 1SSI |® fibrosl3 
collapsed areas indicating the commencemen o a evolved 
An irregular pattern of multilobular fibrosis was mc hi or ide 

With 30 to 52 mjections of 0 08-0-15 c c of carbon o > 

given thrice and twice weekly, amountmg m a o 
m 10 to 25 weeks the changes m the spleen were comp 
venous congestion caused by poital obstruction 11 , mllbC s, 

by engorgement of the trabecular veins, pulp veins 0 f 

■\vlule the smus congestion had also caused diffuse pe sinU s 

blood in the centre of the lobules A proliferative grow w 

tissue was not met with Under the capsule, t e sm 
dilated and tlieir walls appeared thm and more ngic 1 
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added congestive distension of tlie sinuses and of the pulp and 
trabecular veins 


3 Seneoiontne intoxication 

Methods Twenty albino rats averaging 170 g in weight were used 
One g of seneciorune was kindly supplied for the investigation by Dr J J 
Blaclue, who had extracted it from Senecio vulgaris This was dissolved 
in 100 c c of distilled wator slightly acidified with acetic acid Two to 
five mg were used for studying the effect of small doses and 10-20 mg for 
the production of acute lesions The injections were given subcutaneously 
into the abdominal wall every third day After the large doses tho animals 
were lulled when toxic jaundice was noticed , -with smaller doses tlioy were 
killed at fixed intervals. 


Laige doses (10-20 mg). 

Poity-eight hours after the injection of 10-20 ing of senecioiune 
the spleen showed a variable degree of diffuse congestion The 
pulp syncytium had undergone extensive necrosis and because of 
its extieme swelling the mesh was almost mdistmguishable The 
free cells in the pulp were also affected and pyknosis of nuclei and 
diffuse lymphorrhexis were common The necrotic changes weio 
most maiked around the malpiglnan follicles at the marginal zone 
The liver showed the irregular blood “ lagoons ” described by 
Davidson (1935) with areas of necrosis between 

Repeated toxic doses (4-5 mg ) 

Following two or tlnee injections each of 4-5 mg of senecioiune, 
the spleen showed well marked periarterial necrosis at the marguial 
zone of the malpighian follicles Around the prefolhcular arterioles 
and the aitenal capillary ring separating the margmal from the 
cential zones of the follicle the syncytial nuclei showed karyolyws 
and the cytoplasm had become condensed to form a narrow band 
of tissue The change was so well marked that the malpigluan 
follicles appeared bordered by well defined white rings of condensed 
cytoplasm (figs 9 and 10), in which the capillary lumen could not 
be demonstrated Occasionally haemoirhages were met with m 
these necrotic aieas (fig 11) Even at an early stage an mcieaso 
in the reticulum of the follicles could be demonstrated, and tho 
pulp cords wore shrunken so that the sinuses appeared unduly 
widened and prominent. A striking feature was the alteration 
of syncytial nuclei from the plump oval endothelial typo into 
elongated forms resembling the nuclei of fibioblasts or of flbiocytea 
A marked fibrillary increase could also be demonstrated (fig l-)> 
so that tho occuuence of numerous venous spaces bounded by 
condensed and fibrotic pulp cords suggested the “ fibro-adeiue 
of the Bauti spleen in man (fig 13) Capsulo-trabeeular thickening 
and fibrous spread was variable so that the fibrous alteration m 



JOUHNAL OF PATHOLOGIC OL M.U 




Cmiinonc spixnomeqal\ 

vTi~~ 



>v >' " I 


& *n..' X5 3 



Fig 7 — Kn* jp cn i or 
43 injection oi C T 
of carbon „ t~ ^x'u’" 
ide Extr u o _i_ 
hyperplasia z~d 
formation cf -cc * 
nuclear cell* Ii cx 1 
E x390 


Fig 8 — Guinea pi" 
spleen after 2 ioji 

1 101*3 of 0 l ” c 
carbon tetrachl i .* 
Distension of pul > 
vein with mono 
nuclear and ncutro 
phile leucooytes 
note inflammatory 
colls in pulp H 
and E X310 




ire 9 — Bit, i-p'ci rfltr 1 u 
jcctions of ecncctoninc shown: g 
early fibrillary incroa*o at 
marginal zono of follicle 
Foot Wilder X230 



JOURNAL 01 PATHOLOGY— Vox* \L\l 


U\ 


ClR" 10TIC SPLLNOUl GAIA 



Fio 10— l*«t spleen i r u r 3 in r>t ociKciormu JIrri) fihrillurj 

iootMiMrr Xl-U 



j iq |i lint f.j>Wn uft«r 2 mjcttioiM of » n»« <«f minf >tun H i trh *n(u) 

into u zone of |nruii ilpuJii'in W ■*** ^ | ^ ll l ^ X 1»0 



Jot «'Vu 0p, lIIIO)O(iU 


' ,w \Llf 



Fio J3 r , 

^ y 

sonot if>n U i ^ 
'Weal . , * ’ 

fttiemt rf »/ lf ‘ ‘ 

cortl * loot WOdHi 


X3»)U 


t 


'■ 'y-il&'O* > 

W' ' ’ 

r; V ' *SL J , 


1 

t * , 
,** ^ , 
£» A,' .> 


j: 

PM^kT Cre u 

fTTr.- _ 

r*T’.'V'Sr*3Sr'^?> - t - -, — a . 

,v -,- •.;• . 

/ - r& i ^ *v* „ ", i 

#>* ■' j- ■] 

** -i ^ -W ^ «*,V * -■» v ^ 

. "V-V4. , . 

t > ^‘ s , ■-' s/- 


4 f ;; 
./ r I 
- I t 



>« 
r J 



OJSHHOTJG SPLENOMEGALY uo 

the pulp could not bo regarded os an extension from the capsule 
and trabeculae but was due to somo other factor acting intrinsic ilh 
on the pulp Tha clianges in tho liver were sunilai to tho-c 
described by Davidson with rotrorsuie 

Repeated small doses 

After 10 to 10 injections of soneciomno in doses grultnlly 
mcreased from 2 to 5 mg twico and thrico weekly the spleen showed 
well marked enlargement up to tlireo or four tunes tin, norniil 
size (toit fig 3) Tins was duo to a remaikablo prolifuation of the 



reticulo ondothohum of tho marginal zono of the follicles (fig 1 1) 
as noil as of focal areas of the pulp Tho lymphoid oggiog ituim. 
m tho perivascular and peritrabocular zones wire much 1 irgir tlum 
normal and had spread out more or less diffusely into tho pulp 
Tho pulp cords appeared richer in nuolu In places, focal collections 
of palo staining syncytial nuclear groups seemed to bo the points 
of activity from which proliforotive changes spread to tho pulp 
Many of theso foci nero overrun howoaer with hmphocytcs md 
basophilia colls resombhng plasma cells, suggesting tho poasibihtv 
of a common origin from tho syncytium Congestion was slight 
and diffusa and tlicro was no stasis m tho sinuses Diythroplugu 
cytosis was marked Megakaryocytes appeared unduly numereus 
In tho liver tho appeurmeo was that of diffuse toxic dimagc 
followed by regeneration Tlicro was marked hyjH.rlroj)hy mil 
Uypcrohromasiu of tho Kupffcr cells and tho endothelium of tho 
hepatic venules showed remarkable hyperplastic scliutv 
Lymphoid colls and plasma cells liad formed dmso clusters around 
tho bdo ducts and portal vcuules and had extended betwun tho 

jones of reni— ioe xtvi “ L 



530 


T. B MENON 


lobules, together with thin strands of collagen in the manner of a 
portal cirrhosis. 

Summary. 1. In acute senecionme intoxication m rats there 
is syncytial neciosis especially of the marginal zone of the malpighian 
follicles of the spleen 

2 With subacute intoxication there is a collapse sclerosis and 
fibrillary overgiowth in the periarterial zone of the malpiglnan 
follicles followed by a gradual fibrillary mciease in the pulp These 
reactions resemble the “ fibro-ademe ” of the malpighian follicles 
and pulp cords seen m Banti’s disease. 

3 With repeated small doses there is a marked splenomegaly 
due to hyperplasia of the reticulo -endothelium of the pulp At 
this stage the liver shows marked endothehal proliferation of the 
hepatic veins, hyperplastic changes m the Kupffer cells and early 
portal cirrhosis 

Discussion. 

Toxic splenomegaly. 

Analysis of the various stages of toxic action demonstrates 
that splenomegaly is pre-cmrliotic, being present in the early stages 
of hver necrosis. In human pathology similar splenic enlargements 
have been described associated with acute and subacute hver 
“ atrophy ” (necrosis), but they have been looked upon as reactive 
or congestive in nature Experimental work has shown, however, 
that degenerative changes in the spleen are common though not well 
defined, owing to the diffuse structure of the syncytium Just 
as patterns of necrosis can be disting uish ed in the hver, so there is 
a splenic pattern with localisation of necrosis in the marginal zone 
of the malpighian follicles where the arterial capillary system 
opens out into the pulp A perivascular lesion is often met with, 
whilst some follicles are completely destroyed 

Regenerative reactions develop m the follicles, and with smaller 
doses and in the stage of recovery these changes are well marked 
Hence there arises a type of splenomegaly due to the toxic agent 
acting directly on the spleen as well as on the hver Sometimes 
extreme hypertrophy of the malpighian follicles follows a prolonged 
period of rest (5 weeks) after repeated follicle damage The 
lymphoid mesh work is converted into a germ-centre type of tissue 
from winch it is assumed the lymphocytes arise. This widespread 
proliferative reaction with enlargement of the follicles to three or 
four times the normal diameter and alteration to a more embryonic 
cell type resembles the condition described in man as “ giant lymph 
follicle hyperplasia” (Bnll, Baehr and Rosenthal, 1925) and 
“ lymphoid reticulosis ” (Ross, 1933) conditions which are regarded 
as simple (Ross, 1933) or neoplastic (McNee, 1934) types of 
reticulo-endothehosis. On the other hand proliferation may he 
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more diffuso, involving tho secondary lymphoid foci m (ho pulp 
Small foci of retieulo endothelium seem to be activated Tins 
effect was especially marked with repeated small doses of seneciomne 
In two eases the reaction was so marked after carbon tetrachloride 
injections that the histological picture suggested a monorvtic 
Icukamna but tho other organs showed no similar infiltration 
In the later stages of cirrhosis produced, for oxample, by eirbon 
tetrachloride in rats, the splciuc reaction changes in typo through 
the effects of portal st tsis 


“ Fibro ademc " 

The espeiimental method also throws light on the dovclojnucnt 
of “ fibro-ademo ” of the malpigluau folhcles This lesion M 
typically perivascular unless toxic damage is extreme It difiers 
from replacement fibrosis m that fibroblastic growth from tho vessel 
wall is shght and secondary a collapse sclerosis is followed by a 
collagenous transformation of tho rctioiiluni fibrils as well as by 
nicroased overgrowth of tho roticulum Many lymphocytes iro 
destroyed in tho necrotic process and m tho later stages the folhcles 
gradually become acellular and fibrous Tho change is most marked 
around tho pemcillar arterioles os well is tho largo pro follicular 
alter loles, where the " fibro ademe ” tin be seen is a dcmiluuo of 
fibrous tissue on one side of the follicle or between neighbouring 
folhcles Tho distribution of tho lesion and tho morphology of 
the fully developed stages are similar to vvh it Banti (1910) described 
m man, though he denied tho inflammatory nature of tho process 

The significance of the heemorrhages 
Tho association of arterial and poriartorial necroses with focal 
areas of liamiorrhngo into the jicruiialpighian rono after two or 
three injections of senccionino ruses import mt questions Such 
ail acute haunorrhagio lesion obviously cannot bo regarded vs duo 
to chrome venous stasis followed by rupture On the other hand, 
there is a sovoro toxio necrosis of tho cnjnll iry walls at the m irgm il 
zones whore tho arterial capillaries ojien out into tho pulp Tho 
hxmorrliago scorns to bo duo to leakage through tho dam igcd 
vascular endothelium In acute carbon tetrachloride poisoning in 
man, tho gastric haimorrlingo and tho jictcchio m other organs i in 
bo better correlated with tho toxic action of the ilrug than with 
venous stasis A suuilar mechanism m the jiroduction of tho 
siderotio nodulo ind m splunic inamna cmnot bo dismissed 
JIcMicliael (1931) lias stressed tho f ict that the hbrotio jx rurten il 
lesions m splcmc anannia contain blood and that tho iibrosis w tho 
rcsidt of previous haimorrliago followed by organisation limn ver 
tlio jirescnt study suggests that this lived not ncussanlv l«i tho 
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case, as the haemorrhage may be the result of a toxic vascular 
lesion m a necrotic patch. 

Pathogenesis of the lienal fibrosis and proliferation. 

Cameron and Karunaratne have advanced a theory of hepatic 
cirrhosis that appears to have an analogy in the pathogenesis of 
the splenic lesion. They suggest that products of autolysis of 
the hepatic cells are drained by the lymph spaces to the portal 
tiacts wheie they stimulate fibroblastic growth In the earher 
stages, hver destruction is compensated for by regeneration of the 
liver cells until a stage is reached when such regeneration is in- 
adequate If we now turn to the spleen during the toxic reaction 
we find the early development of a periarterial necrosis, provided 
the dosage has been sufficient to affect the more resistant 
mesenchymal tissue As in hepatic cnrhosis, while the lesions 
induced by smaller doses are compensated by regenerative 
proliferation, with lepeated toxic damage there is a tendency for 
the persistence of the lesion, with gradual spread of fibroblastic 
tissue fiom the penaitenal zone It seems therefore that there is 
an essential similarity between the splenic reaction and the process 
of repeated destruction and repair in hepatic cnrhosis 

The effect of a smaller dose m producmg proliferative growth 
of splenic tissue also requires explanation Reticulo-endothelial 
stimulants capable of inducing proliferative reactions aie well 
known to be present m extracts of splenic tissue While theie is 
no agreement as to the mode of action of these extracts (Damlewsky, 
1895 , Pearce, Krumbhaar and Frazier, 1918 , Eddy, 1921 , Leake, 
1923-24 a and b , Leake and Leake, 1923-24, Leake and Evans, 
1924), all are agreed that after injection they induce increased 
haemopoietic activity Louros (1928), m a study of the reticulo- 
endothehum-stimulatmg activity of various substances, has found 
that splenic extract and splenic hpoid are the most potent It 
seems probable that repeated focal damage is followed by the 
liberation of growth-promoting substances which act on the cells 
of the spleen Evidence for the subsequent splenic hyperactivity 
is shown, not only by an increase of splenic tissue, but also by 
the remarkable erythrophagocytic activity that is usually present 
Further, in some cases the resulting destruction of red cells is 
compensated by an over-production in the bone marrow, wrell 
shown by Smyth, Smyth and Carpenter (1936) in carbon tetra- 
chloride intoxication m rats 

Conclusions. 

1 With the chrome intoxication mduced in animals by 
manganese chloride and by the alkaloid senecionine, the margina 
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zones of the malpigluan follicles and tho pulp cords show mentis 
of tlio pulp synoytium followed by collapse and orergrouth of t hu 
fibrillary reticulum and collagemsation These changes are most 
marked around tho small artenoles , further there is an extension 
of fibrous tissue from the adventitia of tho vessels into tho afiUtul 
areas The lesions thus produced nre more or lea. similar to tho 
periarterial fibrosis and fibrosis of the pulp which Bnnti dcstnhul 
under tho term “ fibro adenio ” 

2 With tho development of tlicso changes tlicre is nine 1 st d 
erythrophagocy tio activity m tho spleen md i splenomegaly' whkh 
is quite marked even m tho early stages md which is independent 
of hepatic cirrhosis 

3 Carbon tetrachloride induces a marked prolifcntno rcictiou, 
with formation of numerous mononucleai cells m tho spleen during 
tho early stages of liver damage In tlm later stages, with tho 
development of portal cirrhosis thero is a superadded congestive 
reaction in tho spleen 

4 Hyperplastic reactions m the malpigluan follicles nre> found 
with very small doses of these poisons and bear a resemblance to 
the condition described as “ lymphoid reticulosis ” in man 

5 Tho experimental evidence suggests that during the doielop- 
mont of hepatic cirrhosis both port d and biliary there arc (ibrotio 
and proliferative reactions in the spleen and a dcfhuto splciioincg dy 
independent of portal stasis Dm mg the tovemio piorexs there 
are changes comparable with thoso seen in splenic an eim i 

Tho author desires to thank Professor \ Murray Brennan fur lus helpful 
criticism Tins work was supported by a grant from tho hurl of Moray l und 
of Edinburgh University 
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THE VACCINATION OF GUINEA-PIGS WITH 
LIVING BCG, TOGETHER WITH OBSERVA 
TIONS ON TUBERCULOUS SUPERINFECTION 
IN RABBITS 

Hebti Scmt ibyciieb and G S Wn&os 

London School 0/ Hygiene and Tropical Medicine 

It was our original intention to make a series of system itio 
observations on tiie supermfcction of tuberculous iiiimnls Before 
describing these and the reasons tint led to their ubandoiuue nt 
it may be well to define our terms 

Tho term supcnnfcciion is used by huch workers us Lan„i (1920) nnd 
Seller, Totzer and Wulnnd (1934 a and 6) to nfer to infi'ctmu Willi virulent 
tubercle bacilli of an animal that luis previou^ bun maculated will) 
aviruleut tubercle bacilli Otlur workers such in Burke (10 Jo) uui Png*! 
(193b) prefir tho word reinfection for this process Ntithtr uf tlK»o terms 
sc* ms to us to bo strictly applicable to a proc* 'S that is i ntiullv tho 
mfectioix of a vaccinated nnironl Wlicthcr thi unmunLiiiu, inoculation k 
mado with dead bacilli or with living uviruknt bacilli i» immuti rial , tin 
animal is a \uccuiated animal and tho U*»t do*o of living vimlmt bicdh 
provides tho first opportunity for the oxposiin of tho imitnul t» t »%. tu •» to 
fully mfectivo material 

Tlio term supcnnftction l> Ixst limited to infection of an aminil which 
lms previously been infected with bacilli of the same typo and of tho * uno 
order of virulence, and m whoso ti^uos these bucilh are htiU liviiu It is 
essentially a process m wluch something qualitatively Miiuhr 1* udihsl to 
wlint is already there In this s*n.>o tho expression is eoircetl) • mplojcil, 
for example, bj Boquet and Lnporto (1937) 

TI 10 term reinfection should bo confined to infection oceurruu in an 
animal which has previously been infectee! with bacilli of tin Minn tvj* , 1ml 
m whose tissues the original bacilli or their descendants hnv< pioUihlv die-*! 
out It is essentially a process m which n previously but no Ion„i r uift%t«sJ 
animal receives a fresh mfection 

In practice it will tsldam be, po^ible to diffcii iitub with « rt uni} 
between supermfcction nnd reinfection Xovertln I*«s as the n iciton of th i 
animal may differ m tho two instances, it is Well to have *<purut< u mi> by 
w Inch wo con refer to these conditions 

The aim of our experiments «u> to reproduce ui libontun 
animals tiio supermfcction, or possibly ruiifet tiou, of the lungs 
•nith fully virulent bacilli that at Know to oitur lutur lilt in 
human beings 
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Supermfection experiments in rabbits 

A number of rabbits were infected mtratracheally with a total of about 
4000 vmilent bovine bacilli Seven to nine weeks later half of them were 
left untieated, half of them were superinfected mtratracheally or intra- 
venously with a dose of 500-5000 bacilli of the original strain, while a similar 
number of untreated animals were inoculated mtratracheally or intravenously 
at the same time m order to control the supermfectmg dose The animals 
were observed foi another six weeks When a rabbit died, a corresponding 
animal m each of the other two groups was killed, so that the progress of 
the lesions m the three groups of animals could be compared Besides 
notmg the extent and severity of the macroscopic lesions, quantitative lung 
cultures were put up from every animal, using the technique described by 
Schwabacher and Wilson (1936-37a). 

The results were profoundly disappointing The extent of the 
disease ni the superinfected and the original animals was sensibly 
the same, and neither a study of the macroscopic lesions nor of the 
lung cultures suggested that the primary infection had had any 
appreciable effect on the progress of the second infection It was 
evident that the original infecting dose was too high, and that if 
any useful observations were to be made in laboratory animals 
on supermfection, a much less severe disease would have to be 
established 

Accordingly we undertook a study of the effect of mmnnal 
doses of tubercle bacilli on rabbits, guinea-pigs and mice The 
results of this investigation, which have already been published 
(Schwabacher and Wilson, 1936-37o), revealed the fact that in 
none of these animals was it possible to set up in the lungs a chronic 
retrogressive disease by the inoculation of vmilent mammalian 
tubercle bacilli — usmg the term virulent m relation to the species 
of anunal studied If the numbers were too small no infection 
occurred , if they were large enough to cause infection, then the 
animals developed a progressive and ultimately fatal disease We 
were therefore forced to the conclusion that the ordinary laboratory 
animals are quite unsuited foi the study of supermfection of the 
lungs with mammalian tubercle bacilli It was for this reason 
that we ultimately dnected our attention to following the course 
of the disease m animals which had been previously vaccinated 

Reference should perhaps be made to the observations of Lange and 
Lydtin (1929) on supermfection of guinea-pigs with mammalian tubercle 
bacilli Both the primary and the supermfectmg doses consisted of fully 
virulent bacilli, but the supermfectmg dose was given mtracutaneously 
Under these conditions the superinfected animals proved more lesisfcan 
than the controls So fai as an attempt to understand the results o 
pulmonary supermfection or remfection m human beings is concerned, this 
method is of more academic than practical mterest Even if it can 0 
S' ' shown that the lesions set up by bacilli inoculated into the skin are less 
,* „ se ' ere m a superinfected than m a normal animal, it does not follow that a 
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similar result Mould bo obtained m the lung Indeed them « tluueal 
evidence to suggest that tho acute inflammatory reaction iewulting from 
the aupenufeetzon of tho Imig m human bungs may bo followed under 
certam conditions by dissemination or ov cn generalisation of tho disease 

To reproduce a picture strictly analogous to pulniou try 
tuberculosis in man, m whom a virulent human oi bovine b-uilhis 
nuj give rise to any form of the disease from a complete^ latent 
infection on tho one hand to a fulminating miliary uibcrtulo-us 
on the other, will require tho ubo of animals other than those 
commonly used in tho laboratory Until such animals are found, 
and until observations on supcnnfection md reuifcctiou of tho lung 
with virulent tubercle bacilli can bo mode, we doubt uhcthci i 
study of tuberculosis in laboratory animals is likely to throw much 
further light on the pathogenesis of hum in pulmon irv tuberculosis 

Vaccination of guinea-pigs tilth BCG 
Ihrce experiments were performed 

Experiment I 

Iwuzty normal guinea pigs w< ro uioculutcd m out Hugh with » mg of 
BCG Thirty eight day* latir they wen divided into four groups of flvu 
and mooulatirl intramuscularly into tin opponh thigh with virulent bovum 
bacilli Yiablo counts wire math on « ach of tho mouila using tgt, medium 
Group 1 reci wed one do** of 0 001 mg containing about <J3 000 vuiblo 
bueilli 

Group B received two do.M~> nt weekly interv als of 0 0003 xng cont lining 
a total of about (j 5 000 v mbit bacilli 
Group O received eight do m ut weekly intervals of 0 00025 m 0 cun 
taming a total of about 230 000 bucilh 
Group D received eight doses at weekly interv lls of 0 000125 m w 
containing a total of about 120 000 vmblo bacilli 

In each group five unvaccmatcd control guinea pigs of approximately 
tho same weight vuro moculntrd ut tho «>nino tnno with tho niiiio do-vig« 
of virulent bovmo bacilli WhonuvLr ail nnunal diesl ut ono group a 
corresponding anunal was killed ui each of the other groups ui ordir to 
compare tho extent nnd seventy of tho tulxrculous Iimoiu ui tho ordain 
In tlus way all anuuals hud died or bcin killed within 15 wicks of motu! itiou 
with tho fin>t test dose Graded mtradinnal tents with old (ulxrvulm wt.ro 
mado 30 days after moculation with BCG und on live occimomi uft«r 
infection Tlie reactions wire read 21 hours later No re letion was 
ugarded as positive unless ono or other of the two following cnbrui was 
fulfillul (1) the diiuncUr of the combined ana of rxxln* *a and induration 
was 20 mm or ov < r (2) the ro was un area of ivdncM and mdunition rtaclung 
15 mm in dinnuter, accorapamed by cl nt ml blunchmg or m-cro^i.* 

Results Thirteen annuals died in the control series and 7 tuiu 
killed , 7 annuals died m the vacematcd scries and 1 1 were* kilhd 
Post mortem tho lesions were situated mamly in tho lymph it to 
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Supet infection experiments in rabbits. 

A numbei of rabbits were infected mtratraoheally with a total of about 
4000 virulent bovine bacilli Seven to nine weeks later half of them wore 
left untieated, half of them were supermfected intratrachcally or intra- 
venously with a dose of 500-5000 bacilli of the original stiarn, while a similar 
number of untreated animals were inoculated mtratracheally or intravenously 
at the same time in ordei to control the superinfecting dose The animals 
woie observed for another six weeks When a rabbit died, a corresponding 
animal in each of the other two groups was killed, so that the progress of 
the lesions m the three groups of animals could be compared Besides 
notmg the extent and seventy of the macroscopic lesions, quantitative lung 
cultiues were put up fiom every animal, using the technique described by 
Schwabacher and Wilson (1936-37o) 

The lesults were piofoundly disappointing The extent of the 
disease m the supermfected and the original animals was sensibly 
the same, and neithei a study of the macioscopic lesions nor of the 
lung cultuies suggested that the primary infection had had any 
appreciable effect on the progress of the second infection It was 
evident that the original infecting dose was too high, and that if 
any useful observations were to be made m laboratory animals 
on superinfection, a much less severe disease would have to bo 
established 

Accordingly we undertook a study of the effect of minimal 
doses of tubercle bacilli on rabbits, guinea-pigs and mice. The 
lesults of tins investigation, which have already been published 
(Schwabacher and Wilson, 1936-37a), revealed the fact that m 
none of these animals was it possible to set up in the lungs a chrome 
letiogressive disease by the inoculation of virulent mammalian 
tubeicle bacilli — using the teim virulent in relation to the species 
of annual studied If the numbers were too small no infection 
occuned , if they were large enough to cause infection, then the 
animals developed a piogressive and ultimately fatal disease Wo 
Mere theiefore forced to the conclusion that the oidinaiy laboratory 
annuals are quite unsuited for the study of supennfection of tho 
lungs with mammalian tubercle bacilli It was for tins reason 
that we ultunately directed our attention to following the course 
of the disease m animals wluch had been previously vaccinated. 

Reference should perhaps be mode to tho observations of Lango and 
Lvdtrn (1929) on supermfection of guinea-pigs with mammalian tubercle 
bacilli Both tho primary and tho superinfecting dose-, consisted of faj i 
virulent bacilli, but tho superinfecting dose was given mtracutaneou-sly 
Under these conditions tho supermfected animals pioved more rcsistaii 
tlum tho controls. So fai us an attempt to understand tho rt suits o 
pulmonary supennfection or leinfection m human beings is concerned, tlu-* 
method is of more academic than practical interest Even if it can 
shown that tho lesions set up by bacilli moculated into the skin arc 
ho '"- IX - m a sujx.rmfi.ctcd than ui a normal ammul, it does not follow that a 
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glands and to a less extent in tlie spleen and liver , as a rule the 
lungs were only slightly affected lattle difference was noticeable 
between the different groups of vaccmated animals, but the lesions 
in the control animals were on the average more extensive and 
severe than those in the vaccmated 

The tuberculin sensitivity of the animals is recoided in table I 
Except for the first fortnight after infection, theie was httle difference 
between the vaccmated and the control animals m the late at 
which tuberculin sensitivity was attained or m the degree which 
it reached 

From this experiment it was concluded that BCG afforded 
shght protection, but that the size of the infecting dose used was 
too great to allow any substantial difference between the vaccmated 
and control gioups to be revealed. 

Experiment II. 

Twenty normal guinea-pigs weighing 150-250 g. were inoculated intra- 
musculaily m the left tlngh with 2 mg of living BCG The dose was 
repeated after 27 days The total dosage of B C G received by each animal 
was therefore 4 mg Thirty-six days after the second vaccination the 
animals were divided into four groups of five. Along with five control 
animals for each group they were inoculated with virulent human tubercle 
bacilli mto the right tlngh 

Group A received one dose of 0 000001 mg 
Group B received two doses at weekly intervals of 0 0000005 mg 
Group G received four doses at weekly intervals of 0 00000025 mg 
Gioup D received eight doses at weekly intervals of 0 000000125 mg. 

A viable count was performed on each inoculum The aggregate number of 
viable bacilli given to each group was extremely small, varying from about 
20 to 32 

The animals were kept m separate cages Every fortnight the size of the 
mgumal glands on the right side was determined by palpation Graded 
mtradermal tuberculin tests were performed at frequent intervals A1 
animals were left to die, except one in group B which was killed after 
352 days At necropsy the extent and severity of the lesions present were 
carefully noted In addition the lungs were ground up and cultivated m 
such a way as to provide an approximate estimate of the number of living 
bacilli present. 

Results Palpation of the right inguinal region showed that 
increase in size of the glands occurred earher in the control than m 
the vaccmated series Thus, five weeks after infection — counting 
from the first dose m groups B, C, and D — the right inguinal glanc 
could be palpated m 11 out of 20 of the control and m only 1 oufc 
of 20 of the vaccinated animals , seven weeks after infection the 
corresponding numbers were 13 and 6, and thirteen weeks aftci 
infection 15 and 6 In some of the vaccmated animals the glands 
did not become palpable for 18-37 weeks Altogether 12 of the 
vaccmated and 17 of the control animals showed enlargement o 
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the glands at home time or other The remaining data aie recorded 
in tables II and III 

Table II shows that the average biirvival tune in days of the 
vaccinated animals was significantly greater than tliat of the 
contiol animals It will bo noted that three of the \accinated 
animals showed no macros topic lesions jwst mortem The spleen 
ot each of these annuals was ground up and inoculated mto a 
normal guinea-pig None developed tuberculosis Lung cultures 
of the onginal animals, however, showed that tubeidc bacilli were 
piesent in small numbers m two of them ; the tlurd animal had 
apparently resisted infection completely In the remaining annuals 
the lesions were, on the whole, more severe and extensive in the 
control than in the vaccinated seiies. In every contiol annual 
lesions were present m the lymphatic glands, spleen, liver and 
lungs In the 17 vaccinated aiumals showing lesions, the lymphatic 
glands weio involved 10 times, the liuigs 17 tunes, the spleen 
15 times and the hvei 15 times .Again, whoreas 18 out of 20 of 
the contiol animals had lesions described as ** severe *’ oi ‘ massive 
m one or moio organs, only 8 out of 20 of the vaccinated annuals 
had lesions of this degice of seventy 

Refer once to the last column of table H shows that the geoiuetiic 
mean number of tubercle bacilli that could be cultivated from the 
lungs at death was ns a rule very much lughcr m the control than 
in the vaccinated senes 

Whether judged by rate of enlaigoment of the inguinal glands, 
average suivival time, extent and seventy of lesions at necropsy 
or numbers of living bacilli in the huigs at death, there is no question 
that the vaccmated animals in tins experiment pioved moic resistant 
than the contiols Tins increased resistance was, however, lelative, 
and was seldom sufficient to protect tlio life of the animal or to 
brmg about complete destruction of the tubercle bacilli m the 
tissues 

Examination of table III brings out the interesting fact that 
the rate of development of tubeiculm sensitivity and the ultunate 
degree of sensitivity leached woio both greater m the contiol than 
in the vaccinated animals By the seventh week after infection, 
for example, all tlio contiol but only ono of the vaccmated annuals 
reacted to 1 1000 old tuberculin Again, 18 of the 20 control 
animals ultimately became sensitive to 1 100,000 tuberculin, 
whereas not one of the vaccmated nnunals did so It is mteiestuig 
that the vaccinated animal m gioup B wiuck was found, post 
mortem, to be apparently fi.ee from tubeiculosis nevertheless leacted 
19 weeks after infection to a 1 10,000 dilution of tuberculin R 
is possible that this degree of sensitivity aioso fioni the BC G 
vaccination alone or that the animal became infected, but succeeded 
m elmimatmg the infecting organisms completely. 
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Experiment III. 

In this experiment the number of doses of B C G was varied, while the 
infecting dose was kept constant. The animals were a little heavier to 
commence with than those m exp. II, weighing 270-370 g Only one group 
of control animals was mcluded 

Group A received a smgle inoculation of I mg of B C G. 

Group B received five inoculations each of 0-2 mg of B O.G at weekly 
intervals 

Group C received ten inoculations each of 0 1 mg of B C G at weekly 
intervals 

All inoculations were made mto the left thigh. One week after the 
last inoculation of group C with BOG, all animals, together with six 
controls, were inoculated intramuscularly mto the right thigh with 
0 000001 mg of virulent h uman bacilli A viable count on the inoculum 
showed that this dose contained about 5 living organisms. After infection 
the animals were treated like those m exp. II 

Results The right inguinal glands became enlarged moie 
regularly and more rapidly in the control than m the vaccinated 
senes Thus five weeks after infection the glands were palpable 
in 5 out of the 6 controls, but in none of the 18 vaccmated animals , 
after eight and thirteen weeks all the controls were affected, whereas 
the numbers in the vaccinated group were 2 and 12 respectively 
Table TV shows that the average survival tune was significantly 
greater m the vaccmated than in the control animals 

None of the animals escaped infection completely In one 
animal of group A the lesions were confined to the lymphatic 
glands and lung cultures were negative On the whole the lesions 
were more severe and extensive in the control than m the vaccmated 
group Thus m the control group lesions described as “ severe 
or “ massive ” were found in the lymphatic glands, spleen, liver 
and lungs m every animal Tn the 18 animals of the vaccmated 
group the lymphatic glands were involved 16 times, the lungs 
15 times, the spleen 17 times and the liver 14 times In only N 
of the 18 vaccmated animals were the lesions described as “ severe 
or “ massive ” 

Except in group B the geometric mean number of tubercle 
bacilli that could be cultivated from the lungs was considerably 
less in the vaccinated than m the control animals So far as 
group B is concerned, it may be noted that every animal was still 
alive after all the contiols had died 

As in exp II, it may be concluded that the vaccinated annuals 
pioved more resistant than the controls 

Examination of table V shows that the rate of development ox 
tuberculin sensitivity was greater m the control than in 
vaccinated animals Moreover, 5 out of 6 of the control anima s 
ultimately became sensitive to a 1 : 100,000 dilution, while none 
of the vaccmated animals did so. 
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Experiment III. 

In this experiment the number of doses of B C G. was varied, while the 
infecting dose was kept constant. The animals were a little heavier to 
commence with than those in exp. II, wei ghin g 270-370 g Only one group 

of control animals was included 

\ 

Group A received a single inoculation of 1 mg of B 0 G. 

Group B received five inoculations each of 0 2 mg of B O.G at weekly 
intervals 

Group G received ten inoculations each of 0*1 mg of B C G. at weekly 
intervals. 

All inoculations were made mto the left thigh. One week after the 
last inoculation of group C with B.C G , all annuals, together with six 
controls, were inoculated intramuscularly mto the right thigh with 
0 000001 mg of virulent human bacilli A viable count on the inoculum 
showed that this dose contained about 5 living organisms After infection 
the animals were treated like those m exp II 


Results The right inguinal glands became enlarged moie 
regularly and more rapidly in the control than in the vaccinated 
senes Thus five weeks after infection the glands were palpable 
in 5 out of the 6 controls, but m none of the 18 vaccmated animals , 
after eight and thirteen weeks all the controls were affected, whereas 
the numbers in the vaccmated group were 2 and 12 respectively 
Table IV shows that the average survival time was significantly 
greater m the vaccinated than in the control animals 

None of the animals escaped infection completely In one 
animal of group A the lesions were confined to the lymphatic 
glands and lung cultures were negative On the whole the lesions 
were more severe and extensive in the control than m the vaccinated 
gioup Thus in the control group lesions described as “ seveie 
or “ massive ” were found m the lymphatic glands, spleen, liver 
and lungs in every animal In the 18 animals of the vaccinated 
group the lymphatic glands were involved 16 times, the lungs 
15 times, the spleen 17 tunes and the liver 14 times In only 11 
of the 18 vaccinated animals were the lesions described as “ seveie 


or “ massive ” 

Except in group B the geometric mean number of tubercle 
baulk, that could be cultivated from the lungs was considerably 
less in the vaccinated than in the control animals So far as 
group B is concerned, it may be noted that every animal was still 
alive after all the controls had died 

As in exp II, it may be concluded that the vaccmated animals 


pioved more resistant than the controls. 

Examination of table V shows that the rate of development of 
tuberculin sensitivity was greater m the control than ni the 
vaccinated animals Moreover, 5 out of 6 of the control animals 


ultimately became sensitive to a 1 * 100,000 dilution, wlule none 
of the vaccinated animals did so. 



Baa VACCINATION BiB 

obt un as satisfactory protection with a dead vaccine as with living 
BCG, provided adequate attention is paid to dosage and other 
factors There is little oxaot information to guido us here, but 
tiio observations of Pctioff and Stewart (1926) and of Pagel (193?) 
on guinea pigs, of Clawson (1933 34) and Opie and Freund (1937) 
on rabbits, and of Sclivvabackcr and Wilson (1936-376) on mice lend 
some support to this inference 

As regards frequency of vaccinating injections, thero was a sbght 
suggestion m exp III (table IV) that the animals receiving ten 
tloscs of 0 1 mg of it C G were better protected than those receiving 
ono dose of 1 mg The number of animals, however, was too srnoS 
for tlio ditfeionco to bo significant The same suggestion was 
apparent in tlio mouse experiments already referred to Thus it 
was found that in ono experiment mico receiving twenty doses of 
1 million bacilli wore better proteoted, in relation to the controls, 
tlcui mice in anothci oxperunent receiving four doses of 10 million 
bacilli Bren if these differences wore significant, however, it 
would bo clangorous to lay down any general law regardmg fieequenoy 
of dosage without far fuller inquiry 

It is interesting to noto that the aieraga number of colonies of 
tubercle bacilli (/rolling from tile lungs of annuals which had died 
was gcncialh very much less in the vaccinated than in the control 
animals (tables II and IV) It must be remembered, however, that 
the werago extent and seventy of the visceral lesions in the 
vaccinated anunils wero less than in the controls Taken m 
conjunction with tlio observations of Jensen, Bmdslov and Holm 
(1935) on vacciuatcd guinea pigs mfeoted by inhalation, and with 
those of Schwab -usher and Wilson (1936 37 6) on. mice, there seems 
to bo httlo doubt that vaccination with BCG either mterferes 
with tho development of virulent tubercle bacilli in the body or else 
enables the tissues to kill them off more rapidly Tho experimental 
observations of Luna (1936) suggest that both factors are at work 

The effect of vaccination with BCG m retarding tho rate at 
which tuberculin sensitivity was developed after infection with 
virulent bacilli and in diminishing the ultimate degree of sensitivity 
reached is evident from tables HI and V These results are of 
considerable interest They suggest that the allergio response of 
a vaccinated animal to mfeotion is very different from, tlio antibody 
response Glonny and Sfidmersen (1921) and Glenny (1925, 1931), 
it will bo remembered, drew attention to the rapid rise in antitoxin 
titro that occurs after tho injection of toxin into on anunal winch 
lias already received a preliminary dose Tho effeot of the first 
stimulus is greatly to augment and accelerate tho reaction after 
tho second This has since been found to be true of othoi types 
of antibodies The effect on allergy, however, appears to be just 
tho roverso Instead of rising more rapidly and to a higher level 
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Discussion. 

The results obtained in our experiments on the protective 
effect of vaccination with BCG m guinea-pigs against subsequent 
inoculation with virulent bacilli are, on the whole, similar to those 
reported on guinea-pigs by workers such as Krause and Willis 
(1926), Okell and Parish (1928), Lange (1929), Lange and Lydtin 
(1929), Birkhaug (1933), Selter, Fetzer and Welland (1934 a and 6), 
Corper, Damerow and Cohn (1936), and on rabbits by such workers 
as Clawson (1933-34) and Lurie (1936), usmg either BCG or some 
other attenuated strain of bacillus for vaccmation It seems clear 
that under suitable conditions the average survival tune of 
vaccinated animals is longer and the average extent and severity 
of the lesions less than in normal animals Under exceptionally 
favourable conditions of time and dosage it is possible to obtain 
complete or almost complete protection of a certain proportion of 
the animals, but this degree of success has been recorded by only 
a few workers 

The dosage of the vaccinating bacillus appears to be of some 
importance, at any rate so far as B C G is concerned In exp II 
the average survival time of the animals receiving a total dosage 
of 4 mg of B C G was 262 days as compared with one of 226 days 
m the animals of exp III which received a total dosage of only 1 mg 
This difference is only 1*7 times its standard eiror and, though 
suggestive, cannot be legarded as significant In a senes of 
expei iments on mice, howevei, usmg much larger numbers of animals 
it was found that the best results were not obtained until a dosage 
of 20 million bacilli (0*02 mg ) was reached (Schwabacher and 
Wilson, 1936-376) Increasing the dose above this level seemed 
to confer no additional advantage on the mice Similarly Okell 
and Parish obtained their best results on guinea-pigs with a dose 
of 20 mg Increasing the dose to 100 mg did not appear to be of 
any greater value In this connection it will be lemembeied that 
Topley (1933), in a series of vaccination experiments on mice using 
killed Bad typhi-murium, found that the protective effect of the 
vaccine, which was given m a dose of 500 million bacteria once 
a week, increased up to a total dosage of 3000-4000 million, and 
then diminished as this dosage was exceeded 

The fact that lelatively small doses of B C G are less effective 
than larger doses is difficult to explain except on tho giound that 
BCG. does not multiply to any consideiable extent m the 
mammalian body. In experiments made to determine tins point 
Lurie (1934) found tliat sight multiplication did occur, paiticulaily 
in the lymphatic glands, after intravenous inoculation of B.C.G 
into rabbits, but that the organisms usually undeiuent fairly rapn 
destruction If this is so, one would expect it to he povnble to 
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m the vaccinated than m the control animal, tuberculin sensitivity 
appears to be delayed and impeded m its development by vaccma- 
tion Discussion on the interpretation and significance of this 
phenomenon, as well as on the relation of allergy to immunity, 
had better be postponed to a subsequent paper m which the effect 
of sensitisation and desensitisation on the development of experi- 
mental tuberculosis is described 


Summary and conclusions 

1 The terms superinfection and reinfection are defined 

2 An attempt to set up by infection and supermfection a 
disease in the lungs of rabbits resembling the chrome type of 
pulmonary tuberculosis met with in man was completely un- 
successful 

3. Experiments were carried out on the infection with virulent 
bovine or human tubercle bacilli of gumea-pigs that had been 
previously vaccinated with living BCG. 

4 With large infecting doses there was httle difference between 
the vaccmated and the control animals 

5 With small infecting doses the vaccmated animals differed 
from the controls in the following respects (a) the regional 
lymphatic glands increased more slowly in size and often failed to 
become palpable at all , (6) tuberculin sensitivity took longer to 
develop and did not reach so high a level , (c) the average survival 
time was significantly longer , (d) the average extent and severity 
of the lesions at necropsy were less , and (e) the geometric mean 
number of colomes of tubercle bacilli cultivated from the lungs 
post mortem was considerably smaller 

6 These results show that under suitable conditions vaccination 
with B C.G may confer a certain amount of protection, m occasional 
animals even complete protection, against subsequent infection 
with virulent bacilli The immunity conferred is, however, of a 
comparatively low order, and it is doubtful whether it is superior 
to that attainable by suitable injections of dead bacilli In the 
present experiments the vaccmated animals were usually unable 
to withstand completely the inoculation of even minimal numbers 
— 5 to 30 — of virulent tubercle bacilli 

7 It seems probable that the effect of vaccination with B GO 
m guinea-pigs is to retard rather than to suppress the development 
of tubeicle bacilli in the body, and thus to favour the occurrence 
of a more chrome type of the disease 

8 Particular mterest attaches to the difference m skin sensitivity 
to tuberculin in control and vaccinated animals. 
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THE PREPARATION OF GOLD feOLS J-OJf 
THE LANGE TEST 

S W Pi WVri’ICh ( b \\ OOLCOCK llld IJ J CottVN 

The Johnson Cnamcal Isibomlorua Luticmtj of h'tla ik, and 1h /> \ 
of Medical in cure Adelaide hauih Am'rah 1 

Although a conside rablo liU r it tire e\M , < nm ernmg tin. pu n mi >11 
and uso of colloidal gold for tho Lingo test md although tin t, , 
has received w orld w ido rt'iogiuiion ind is t\tui>iu!i n, d m 
clinical work, many workers dill o\(>criuico dillu idtv 111 coiisistcmli 
preparing a satisfactory sol, and some indeed hivo eon topic util 
been forced to ibandon its use altogether Colloid systems othir 
than gold havo also been trad, but tin so h ire the ir own pc cull into ■. 
and none is as sensitn e or is rch ihlo is a well jirep ired p oId sol 
Owing to its undoubted \ duo md world wide 11 c tbo mth„i , 
considered tint the prt'pir it ion of the sol 11 is north invest!,. ituu 
as a purcli colloid probh m 1 ho fu ilitu-s for colloid inn ti-ilnn 
provided by the Johnson ( hciiiu tl I ibontumi ol the l meet 1 > 
of Adclaido lieu leeordmglv utihsul ulul-l the mu' in 
pathological control tuts uoro 1 irricd out bv 0110 of ii > (It 1 < 1 
at tho lustituto of Midi! d Sciences Adiluide I ho ohjcit of tin 
work was to place tin preparation of 1 rdiiblo sol on ■ uim'ir 
scicntilio basis in order to eliiniii ito u> f ir as possible the 1 1 ibot 1 « 
prccvutions which orduuirdv make the work both 1 >d 

diflicult Bct« ecn IstIO md JOOO scpinti gold sol > win pri|>n<d 
before tho authors wero satisfied tint tlnv hid develops) , unp! 
rout mo propar ition, which with practice old nodi rite 1 iro * mil 1 
ho made to yield companhlo sols with only uri on 1 ton d I iduri 
Although tho method oilers 1 consider ddc idv nice 111 iiu,Iiiilv 
of control md in reproducibility ofovaetlv 'inn! ir sols, invert' eh 
liko all colloid methods it can mver bo 1 milled without due 1 1 
For instance, it is tho 1111 irnble prnlieti in coiluid Ido. twin 1 
work with vessels of resist im 1 A iss md to I . t p them iiupiiloi l\ 
clctn To dcpirl fnnn this rule is to eek trouh'i 

Thu problem divides itself 11 Hurdle into t 10 p.rte 1.1 t *' 
prop ir vt ion of 1 st ililu yet sci sitivo ail nine p»rt ih 1 ic ol 
uniform size and uniform surf ic 1 <hir„«, and se « ,d the n.il* d 
sensitisation (whero neci v>arv ) of this v»l »o tint it '1 iv. 1 > 
milter ivliit its igc, 1 positive Lilian te »• iith jun r i i ‘‘ 1 
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14 to 22 zxifc According to tlio conditions of propanton A unplt 
calculation shows tint See of a phosphorus ndin cd so!, who < 
particles aro of di imoter S mji, cent tin tho some number of p irtuli - 
(diamotcr loin/i) as 1 htro offormaldehy do reduced sol Act ordingh 
if one wishes to picparo a litre of formaldehyde rrdm ril sol with 
particles 15 m/i m diunioter ono adds to tlio Jiot solution bi r or« the 
addition of tho formaldehyde a < t of a phoaphuru, ruble si ml, 
thus introducing tho required number of nuilei which if >d un . 
well is equal to the number of gsild pvlicltx in the lnii'hrd «»| 
By varying tho amotiii of phosphorus reduced sol or by n- n r tin 
saino amount of stronger preparations, one can \ in d will the 
sizo of tlio particles m the final product 

Tho assumption is mail tint utulcr the u conditions no ire h 
nuclei aro formed and the onhiun conditions arc thus lomp'i tele 
reversed Tlio presence of tlio foreign colloid men nil mile id ct 
being undesirable non bor mm s an n'sol, isit presents the for, » item 
of fresh nuclei Water that lies been once distilled in order It 
freo it from electrolytes and gciuril impurities i' thus the In >f fur 
propsntion purposes and for the same mom trio ■ of ■ ulloal 
matter picked up subs qm lit to distill ilion mil bau no grill 
liaunful effect 

This \ imt cs borne out In prtctical uork nlinli eh irlv slums 
that small trices of fonign matter in anex distilkd w iter ), ice no 
dclctorious offcct upon tho crystallisation of tin gold on the link i 
on tho stnbihtc of tlio sol or on its sen itmiy in the Lamp! U-t 
Reasonably pure water is of couiso isscntial ami ill piepintn us 
must bo carried out with considerable urc luo jsi ilnlit t it 
obtaining a clear iml stable sol are obuousU gre itly mere is- 1 be 
tlio simplified technique and eliborito prei euturns ire u • !"U»er 
necessary 

The jihoaphorit .1 raluc<d so! uaJ Jar i •c'lry 

Tins sol is aery easily' prepuce!, and is luff a Inn if it 
is sufficient to seed 100 litres of form ildi hide n due -d 1, its 
introduction docs not add to the teilinu d diificiiltn ' Im din* die 
attempts woro made to uso this sol dircttly for the laigs te t but 
it proicd muili too stible I*or seeding purposes liuumr u s> 
excellent , and it can be kept from 0 to a months or Ion., r if tl ^ 
usual storage precautions uo obsirud 

The phosphorus reduced ~oI is best prepared ( e otn i HI; 
with a total strength of I0» mg «f cold per bin, nlen » t! 
formaldehyde reduced sols iro of the usual strtiigtb, itui 'll 11 u - 
per litre This must bo kept in mind m tin • ihul .tn ns 

It es rnoiiinunileil tint lie of the pboqihon n hi "I ►< • 
lm the st lndanl amount il-eil III prep irmg one hire ot rm at 'n • 
ruble, d so! Tins gius a useful fnrh stible sol »|.i ) r* . 
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a negative test with normal fluids These considerations aio 
discussed in the first two sections of this paper, whilst the thud 
comprises a summary of practical instructions 

I Preparing the sol and regelating the 

SIZE OF THE PARTICLES. 

Gold sols for the Lange test are usually prepared from pure gold 
chloride, using formaldehyde or oxahc acid as the reducmg agent. 
The formaldehyde method, apart from giving a veiy sensitive sol, 
has some advantages peculiar to itself (see below), and was 
accordingly adopted as the standard throughout this work 

Ordinarily, as soon as the formaldehyde is added to the hot 
solution, a conflict arises between the velocity of formation of gold 
nuclei and the velocity of crystallisation of the gold In order to 
pioduce a useful sol the formation of nuclei must be encouraged 
For many years it has been realised that the merest trace of certain 
colloid matter can prevent the rapid formation of nuclei, m which 
case the crystallisation velocity takes control and an unstable and 
useless product results 

Much previous work has centred round the task of lemoving 
these unwanted colloids, and it has been the practice to remove 
them by a second or even a thud distillation of the water used m 
the prepaiation Even so the quahty of the water must vary m 
degiee as it can never be wholly colloid-free, and even when useful 
sols are obtained the latter will show variations among themselves 
in the number, size and reactivity of the particles (Thiessen, 1929). 
Apart from this, harmful colloids often enter the water after 
distillation and cause troubles which are difficult to place 

As there is no a prion reason for believing that the colloid 
material has any other ill effect than that of over-emphasising the 
crystallisation velocity at the expense of nuclei formation, it 
appeared to us that the introduction of a certain number of gold 
nuclei before the addition of formaldehyde would be a satisfactory 
corrective step which would remove the necessity for rigorous 
elimination of foreign colloid material ; by this means it was hoped 
to circumvent its harmful effect Furtheimore, by varying the 
number of nuclei, a series of sols could be prepared whose particles 
would be of any desued diameter and of uniform size The very 
minute particles of a phosphorus-reduced sol at once suggested 
themselves as suitable nuclei for this purpose. This sol has the 
advantage of being easily prepared, and the particles are so small 
(diameter about 3ia.fi) that for the purpose they can be considered, 

’ > fact used, as nuclei (Zsigmondy, 1906) 

particles of the ordinary formaldehyde-reduced sol *cs 
• der the ultra-microscope have diameters vaiying from 
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*• •sees -*» fsr ***** t 

ft® introducing ^ 0 £ gold ^ or by using *® , 

*» * Ttlmnlnnb o£ pbospbor® tcdu wy a t will tbo 

By varying « ie aet p ieparaft on f- 0UB 

same amount o fiM j product oon ditions no &e»h 

o£ tbo particles m under these completely 

node* a 10 of *» fowigo w ^ n _ fte .tatliol'M n ' I,ll0 “ 

reversed. Iho pr®® an asset, aa 1 P . order to 

^undesirable, now^ ^ ^ once tet^d 10 ^ fM 

-* r s:rsi «« - •«« 

«r-iST*“- : *— - ■ ta ” ” *“ 

harmful effect oractieal work which clearly shows 

Tbs view is borne out by P c6 4 istaied water have no 

that smalt traces of of the gold on tlie nuclei, 

deleterious effect upon the ye senatmty m tbe Lange test 
on tbo stabdity of the A e5senta l, and all preparation 

-a-s£ 

ratfassss- 1—3/ ■ ^ 

necessary wCftKS 

The pfiocpfionis reduced sol used 

Ibis sol ib very easily prepared, and as hffl 
ts sufficient to seed 100 btres of fomaldehyde i 
introduction does not add to tbe technical difficult* 
attempts were made to use this sol directly for tbe Lange test, ^ 

,t proved much too stable Lor seeding purposes, however, it is 
excellent, and it can bo kept from 6 to 8 months or longer if tbo 
usual storago precautions are observed 

The phosphorus-reduced sol is best prepared (see section IU) 
with a total strength of 100 mg of gold per litre, whereas the 
formaldehyde reduced sols aro of the usual strength, namely 50 mg ‘ 
per litre This must bo kept in mind in tbe calculations 

It i3 recommended that 5 c c of the phosphorus reduced sol 
bo the standard amount used in preparing one litre of formaldehyde- 
Tcduccd sol Tins gwes a useful, fairly stable sol whose particles 
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have a diameter very close to 14 my, Smaller amounts of the seeding 
solution will do, but more should not be added If more nuclei 
are required before a clear, bright sol is produced, it is better to 
start afresh and to take more care m preparing the water, as 
obviously the colloid matter present is now interfering Owing 
to the natural ageing suffered by all colloid systems, the seeding 
solution shows a slight decrease m efficiency with time To correct 
for this, one should add about 5 per cent for each month the sol 
has been made. 

II Regulating the sensitivity of the sol. 

Prom time to tune the important influence of the pH on the 
sensitivity of the sol has been stressed, for example, by Mellanby and 
Anwyl-Davies (1923) The best results are obtained in the Lange 
test when the sol is practically neutral How it so happens that 
when formaldehyde-reduced sols are prepared m the ordinary way, 
say by the method of Gruickshank (1920), the finished sol is very 
close to neutral, due to a fortuitous circumstance which is not 
generally appreciated Before the addition of the formaldehyde 
(Cruickshank’s details) the pH of the mixture of aunc chloride and 
potassium carbonate is in the neighbourhood of 10 1 When the 
formaldehyde is added, some of it is immediately oxidised to formic 
acid by the aunc chloride , but when the whole of the latter is 
reduced to the metal, the excess formaldehyde is catalytically 
oxidised to carbomc acid at the surface of the colloidal gold particles 
This latter action, which of course steadily brings down the pH, 
proceeds only in alkaline solution , accordingly it gradually slows 
down as the pH approaches 7 This is exceedingly convenient, 
and it gives the formaldehyde method a umque advantage. 

However, unless the pH is actually measured, this behaviour 
may give rise to a false security , for there is an opposing action, 
namely the steady escape of C0 2 from the hot solution, which 
tends to increase the pH value As is seen from the curve in the 
accompanying figure, the sol is not well buffered above pH 7 2. 
In odd cases, owing to variations in the governing conditions, the 
sol may finish with a pH nearer 8 than 7, when it will be too stable 
to give the ideal paretic curve If, however, the pH is measured 
and adjusted such a sol responds immediately 

Whilst it is advisable always to prepare the gold sol in exactly 
the same way, faithfully following the specified conditions given 
below, it is essential to measure the pH of each preparation and if 
necessary adjust it to within the sensitive range For fresh sols 
this lies between 6 5 and 7-25, where as it happens the sol is fairly 
well buffered (table I and figure) A rapid and simple method of 
pH adjustment is described m section HI 
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When (ho sol is kept fur nn\ length uf mm* (In pll -lowK re a 
duo to tlio « Ion tAcajie of CO, Thu nuri J'O m pH with lge iiiikm 
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of tho sensitive ringo iml give rto to trouhle On the other hind 
eert un ageing pile mime ili comiiioii to ell colloid* gruiu dlv iedu<" 
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sensitive pS. range for the Lange test The most suitable range is 
chosen arbitrarily from figures such as those shown m table II 
Some workers might prefer to work at a slightly higher range than 
that indicated. There is one guiding rule however . once a sol 
gives trouble, its pH should be at once tested to see if it has moved 
outside the sensitive range. If tests show that it has not done so, 
then the sol has become contaminated and should be thrown away 

Table II. 


Variations m the Lange response with variations m p R 


j>H of gold sol 

| Paretic fluid 

| Normal fluid 

8 36 

2, 

2, 

3, 3, 3, 

i. 

0, 

0 , 

0 , 

0 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 

7 70 

5, 

5, 

4, 3, 3, 

2 

0 , 

0 , 

0 , 

0 

0 , 

0 , 

1 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 

7*16 

5, 

5, 

5, 4, 3, 

2, 

0, 

0 , 

0 , 

0 

0 , 

0 , 

1 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 

6 71 

5, 

5, 

5, 4, 3, 

2, 

1, 

0, 

0 , 

0 

0 , 

0 , 

1 , 

1, 

0 , 

0 , 

0 , 

0 , 

0 , 

0 

6 40 

6, 

5, 

5, 5, 3, 

2, 

1 , 

0 , 

0 , 

0 

0 , 

1 , 

1 , 

2, 

1, 

0 , 

0 , 

0 , 

0 , 

0 

6 20 

6, 

5, 

6, 5, 3, 

2, 

1 , 

1 , 

0 , 

0 

1, 

1 , 

2 

2, 

1 , 

0 , 

0 , 

0 , 

0 , 

0 

5 88 

o. 

6, 

5, 5, 5, 

3, 

2, 

1, 

0 , 

0 

1, 

1, 

2, 

2, 

1, 

0 , 

0 , 

0 , 

0 , 

0 

5 42 

6, 

6, 

5, o, 5, 

4, 

3, 

2, 

1, 

0 

1, 

1, 

2 

2, 

1, 

0 , 

0 , 

0 , 

0, 

0 


Incidentally, the sols described m this work have small particles 
of uniform size and are stable for several months Moulds, if they 
develop, should be neglected, or the sol decanted , on no account 
should the solutions be filtered 

III SUMMARY OF PRACTICAL INSTRUCTIONS 

The water The best water for the purpose is that which has been 
distilled once through a copper, tin or Pyrex condenser An ordinary soft 
glass condenser can he used hut is not recommended Twice-distilled water 
will give very stable sols whose sensitive range is a httle lower than normal. 
The water which is now used regularly m these laboratories comes from the 
continuous electro-osmosis plant of the Johnson laboratories or from the 
condenser of the boiler room of the Adelaide Hospital It receives no furthei 
treatment before use There is no need to use freshly distilled water as is 
so often mentioned In fact water is improved on standing for some time 
in a stoppered Pyrex flask. 

The reagents With the older (non-seeding) method of preparation it was 
essential to use the very best of reagents In our work high grade reagents 
were used as a matter of course, but latterly we have made an exception in 
the case of gold chloride, preferring to use the less expensive commercial 
samples of this salt No difference whatsoever was detected, during either 
the preparation or the subsequent handling of the sols 

The apparatus As with all colloid work the apparatus should be of 
resistance glass and should receive a preliminary washing with hot chromic 
acid before being put into service After use it should be washed, rinsed 
with distilled water and put on the racks to dry before storing in a dust-free 
cupboard This apphes particularly to the test-tubes m which the Lange 
tests are earned out 

The stock phosphorus-reduced sol used for seeding This sol should be 
freshly prepared every 6-8 months, or more often if necessary, using tho 
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following proculnu A saturtted solution of phosphoric in puiv • tf r i. 
flrbt prepared ami tho th or solution diluted with a furtht r four ohm * < * 
tin solvent (111© diluted bolutioti should ultimate Ij bo wdl *topp.n i 
and stored o\\a>, as it will keep for jturs ) To GOO c v of drilled water h 
room temperature uro added 10 c c of a 1 per cent tmru- i blonde wdutjon 
followed b> 75 ct of 2 jxr cent |>ot uvuum carbonate tolutien uml tl i 
wholo well mixed Then 5 cc of the din it d solution of pho phom i» 
stirred mto the mixture, which fclowlv Ik gun to turn brown md ifr r 
21 hours is cither brown or dis p red If it is boiled for n rhort tunn <itl i r 
at tho tad of 1.3 ouniitu or 24 hours «/br the addition of the phosphorus 
it should turn a da p char eh rry red If tlm brown colour ui Iran mill* 1 
light persists nftc r boding it is an indication th it th« u iter i* not -milieu nth 
pun, 

(JsUilJy the sol w \«n c vs> to pn-pm. ihv million, u-cd ona« d> till i 
water and commoruai gold How »\<r it will bo noticed that m thu i i 
the gold ho# to form its own nuchi and it would probably prove iiKieiblt 
always to u-u twice dintillod w iter for thn pirticulur preparation 

The bulk formaldehyde reduced t>ot It w ln-t to nmk< this -*ul m laid * 
of 300 c t and tin n mix th< batch' * to„» tlmr fins nmki . for uur control 
and also smooth', out an> slight irn qualities which in iv uriM> Did m< tlusl 
of preparation adopt' d by the authors is a? follow-. GOO t y of ome ditldhd 
water is placi-d m i litre Pvro-v U ikir over a hut burner When tie 
tunpefiituru has n min'd 30 00 l tee of 2 jj*r c<nt tutus chloride is 
lidded, followed b> 7 i i of 2 pir cent pot vsmujii carbon ito solution aid 
the mix tun btirnd U fit n tin tempt ruturo has iilniu t n ached tlaj boiling 
point date of tin nt4ic! pho phoni-i ndutod kj! art added lowly with 
steady stirring Tin n with tin hpnd gi ntl> boiluv o c.e of I ]>crc«i)t 
formalin (or 3 c e of 0 4 |m r e« nt foniuddi hj di ) an whl« d, the Muring I* u» 0 
coutmuou-s A motor stirrer wo. us d ui our work and piovtd virv i die i u , 
but a piece of J m I'vn x tubu r ^ «1 si at on« end h»ru.n cc naMv w» II 
It is e.socntiul to Jwtp th« uiiNtun ihoroughlj -timsl or dmk< n during th 
reduction 

special utl« ntion must U pm! to tl e manner m which tin fi.nnaldi lt\ i« 
h added, smeo the conditions of rdwiioi oA»oci,vti’d with tin j»n -tiiui of 
tho formaldrhj do determine th uniform nulun or olb rwi-i of tin <• *1 
[cuticle* iusfc add Ct drofo of th« fonnajdtlijde M*hJtj<>», th«n v« »*l for 
ouft rrnnuto or until tlu* colour that ** dee eloping ti »cbr» a mvvimum 
add n hccolid 5 drop, and ag un wmt tin u add a thin I 7 drop* id it rt tl . 
uul of a further nunuto the colour hJioukl 1 a <|Uite d»ep Tin dn»jri < ui 
then bo uddeei *%IowI>, when it will be notici'd that tie culotir unil\ r„i- * a 
tapid and dwrictercstic change to a lighter i*h ale Thu >« m iiwbe Ui rt 
tlut tlu pnparution has proceeded nonmallj an 1 tli.it t! n pmul s an now 
of approximate 1> urn cim Ilia r»“.t of tlu* ferm.dd«hvd cm Is added 
duvctl> and the preparation nt once n moved from tho I 1 im Vnh » »hi. 
i.vhmquo ts adopted tho quaht> of tho uol ta oun» U« V vtj 

If tho sol is cloudy or shows tlio Lai trad of \u l V b> tr uwu tt«st b^l « 
it should bo rejected It u not advtsabla to tr> and Cum% a fc.i| hv 
luldmg mom of the m-wIui^ aotulvm , tha In t U r pkm w to ut a^sli on i 
in* b tt* r water 

Weaiurmj ond oJjtuhnj the pi I Ik fore it m n tin «^j| it« pH mu l b* 
ink* n biUlm^ a electrode, tlu* c.m lx done bj tl «« mdx ** r Uv tWl 
m tho followuig »«} IVtjtin a Crvt-ziP,; trutun uf <ruiU 2 t*i I 
ui u 300 u t fxsike r , »tir tliorvughlj witi! lb« t^nd- r * urn re al^/ot - J •* l 
Pipotto 20 cc of tlu gold Mil mto a wide U t tub-j tdcan^ter 1 a*}, r»4*» 
-axurvlj and plunge into the fhenn 0 muti n I it u » i twhd 
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.it lc.ist half an hour. Remove ancl thaw tho sol, wliun its red colour will 
luu o ditjppeared, bouig replaced by u weak blue. Tho latter slight coloui 
is due to coagulated particles, which have not jot settled These particles 
do not seriouslv interfere with tho colorimetric measurement of tho pH, 
Using phenol led a* indicator This is an unusual but very satisfaetoiy 
method 

If tho pH of the fresh »ol is less than 7 25, tho sol can bo used directly, 
but if higher it should bo adjusted to within tho sensitive range, namely , 
pH 0*5 to 7 25 Tho adjustment is carried out in tho following way. From 
the cm\e m the iigmc, one reads at sight tho number of c c of 0 1 A T HCl 
which must bo added to ono litre of sol to lowet its pH over any dosued 
range For mstance, if tho pH is initially 8 0, one sees from tho cuivo that 
one litre of sol will require fiom 1 3 to 4 1 c c. of 0*1 A r HCl to bring tho 
pH witliui the sensitive range, 7 23 to 6 5. If tho sol is to bo used at once, 
it is best to adjust to the aveiugo pH, say C S It must bo kept m mmd 
that tho pH after adjustment always rises but never falls 

Keeping the sol All sols show a slow increase in pH with ago, duo to 
the escape of CO» Bulk solutions should therefore bo well stopjiered, and 
where small amounts only aie to bo used, that umoirnt should bo pouied 
into a separate contamoi 

Tho pH of the bulk sol should bo taken fiom time to tune Onco it Inis 
been adjusted it should last 3 oi 4 weeks without further attention, any 
small mcreaso in pH being roughly balanced by tho natural falling off in 
stability If tlio sol is kept longoi it will probably need readjusting ogam, 
keoping in mmd that tho older tho sol tho less sovero tho adjustment. 

General Although many of tho stringent precautions con bo dispensed 
w-ith, it must bo stressed that tho preparations cannot bo handled carelessly 
Tho Lango test is a very sensitive ono and must bo treated accordingly 
Where tho oldei technique lias been mastered and successful propitiations 
are tho rule, ono hesitates to suggest liny alterations Nevertheless tho 
authors are convmced that tho adoption of tho seeding method plies tho 
pH control will not only simplify tho tecluuque but will give the careful 
workei an added degree of confidence 


SU3WARY. 

A method is outlined by which gold sols for the Lange test are 
piepared without the usual elaborate precautions The harmful 
cflects of tho colloid impuiities m ordinary distilled water aro 
counteracted by adding the required numbei of gold nucloi before 
the reduction is allowed to proceed. In this way tho dimensions 
ot the particles are regulated as desired and the sols formed readily 
and evenly 

Tho influence of pH m the Lange test is also stressed Beioro 
use, each sol should have its pH adjusted to lie between G o and 
7 *25, tliis being the range over w hicli gold sols can bo used Outside 
this range the tests are often unreliable It is shown that the 
pH may be rapidly estimated by fust frce/.ing out the colloid 
material, and the adjustment (if necessary) rapidly made by use 
of the titration curve sot out in the text 
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dose is found to be between 0-048 and 0 093 g. per kg. body weight, 
with a mean value of 0 064 g , a figure well in agreement with that 
given by Cushny (1920-24) With intraportal administration, as by 
injection into a mesenteric vein, the minimal lethal dose varies 
from 0 08 to 0 28 g per kg body weight, with a mean value of 

0 15 g (table I) Such evidence suggests that the hver plays some 
part in dealing with the alkaloid and this conclusion is borne out 
by the smaller dose tolerated when the hver is damaged by a poison 
such as chloroform Thus in four experiments rabbits were given 

1 c c of chloroform per kg body weight subcutaneously Twenty- 
four hours later the mmimal lethal dose of atropme with portal 
administration was 0*066-0 083 g per kg body weight Perfusion 
of the isolated hver with saline containing atropme shows that the 
hver absorbs much of the alkaloid (Roger, 1922) 

Table II 


Atropine content of hver following mtraporlal administration 


Rabbit 

no 

Weight of liver 
<B) 

Total atropine 
introduced 
intraportally 
(mg ) 

Total atroplno 
in whole liver 
(mg) 

Atropme per g 
of liver (mg) 

Proportion of 
total introduced 
atropine in hver 
(percent ) 

i 

82 

200 

30 

0 37 

15 

o 

88 

210 

40 

0 45 

19 

3 

66 

200 

20 

0 30 

10 

4 

60 

200 

50 

1 00 

25 

5 

68 

200 

30 

0 52 

15 

c 

110 

200 

40 

0 37 

20 


That the hver anchors considerable amounts of atropme 
introduced by the portal route is shown in table II Fifteen to 
25 per cent of the total amount can be recovered after 2-5 minutes 
Only a small portion of this is present in the blood of the hver 
We have estimated the blood content of the rabbit’s hver by 
Schutz’s method (1926) The isolated organ is perfused with 
normal saline at 37° C until the perfusate is free from blood If 
X = blood volume of liver, A = volume of perfusate, Sx = specific 
gravity of blood, S = specific gravity of sahne, Sa = specific 
gravity of the perfusate, then 


A Sa = X Sx+(A-X) S 

and X = A < Sa - g.> 
(Sx-S) 


Our results show that about 30 per cent of the hver weight is 
due to its blood content Now in a typical experiment after the 
intraportal injection of 200 mg of atropme sulphate, the blood as 
a whole contained 0*05 mg of atropme per c c The hver weighed 
50 g and contained about 15 c c of blood, so that of the 50 mg 
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of ntropino obtained by assay of whole liver tissue only 15 x 0 05 mg 
(= 0 76 mg ) could be attributed to the blood 

It seems certain therefore that considerable amounts of atropine 
recovered from tho liver during the first few minutes after portal 
introduction ore present either attached to the walls of the blood 
vcssols or in the bver cells It can be readily shown that a great 
deal of tho atropine is loosely combmed, for it can be washed out 
of tho vascular channels by simple perfusion Thus m a fully 
grown rabbit dymg three minutes after the injection of 0 175 g 
of atropine sulphate into a mesenteric vein, the isolated liver after 
saline porfusion contained 26 mg , tho perfusate 56 5 mg of atropine 
The total blood volume of the liver was 33 c e , the atropine content 
of the bver blood 2 5 mg , so that most of the atropine m the perfusate 
must have come from the vessel walls In several other experiments 
practically all of the atropine was washed out of the liver in this 
way It seoms unlikely that much could hove been extracted 
from the hver colls, for there was an mtaot vascular system Tho 
alkaloid appears, at any rate for the first few minutes, to be loosely 
attached to the vessel walls of the liver Thence it is removed, 
for the atropine content of the organ falls to zero after some hours 
Presumably it may be transferred to the bver cells and there dealt 
with, or removed by way of the tissue spaces (Disse’s spaces) to 
tho lymphatics, or further excretion by the blood stream may follow 

Tlio possibility of destruction by the liver cells may be considered 
first Since the work of Cloetta (1008) and Clark (1912) it has 
been generally accepted that emulsions of hver possess the power 
of rapidly destroying atropine I have spent some tune in repeatmg 
tlus work with variable results 

Technique Following Clark (1912) I grind up 20 g of fresh or perfused 
liver with sand and 10 o c of normal saline to a One paste One e c samples 
of tlus paste aro further ground up with Ofico of a 0 02 per cent aqueous 
solution of atropine sulphate, le 0 1 mg atropine sulphate, the mixture 
well shaken with a fow drops of toluol and meubatod at 37' O for 1 43 hours 
Cmulsion lieatod for 30 minutes at GO' C before the addition of atropine 
serves as a control In general almost tho whole of the added atropine can 
ho recovered aftor 48 hours from this heated emulsion The alkaloid is 
assayed by making up each sample to 8 o o with saline, adding 5 per cent 
Ii,SO, to givo a 1 per cent H,SO, solution and then heating the mixture 
at 75' C for 30 minutes Aftor centrifugation the residue is re extracted 
with 2 c c of 1 per cont H,SO, for a quarter of an hour at 76' C and again 
contnfugod The total supernatant fluid is treated with 10 per cont NaOH 
until faintly acid, mixed with fivo times its volume of absolute alcohol and 
filtered Tho filtrate is evaporated to 1 c e , filtered, and tho residuo washed 
with a few o o of 6 per cent HC1 It is mode alkaline with NaOH and 
extracted twice with chloroform The chloroform extract is separated 
and evaporated to dryness The residue is finally taken up m 6 ec of 
distilled water made famtly acid with HC1 Dilutions of this arc tested by 
Vitah’s mothod. I found the most satisfactory way of doing this was to 
•evaporate 1 o o of the solution to dryness on a crucible of 18 mm diamotor 

JOURJS or TATS — 101 Xlll 2 X 
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allowing it to cool, adding 4 di ops of fuming HN0 3 , evaporating, cooling and 
adding 3 drops of a saturated solution of caustic potash in absolute alcohol 
The end pomt is taken as the slight violet colouration given by 0 001 mg 
of atropine sulphate With tissue emulsions, however, the distinction given 
between 0 001 and 0 002 mg may be very difficult Small crucibles are 
essential for accuracy m dealing with minute amounts of atropine The 
caustic potash solution must be absolutely fresh I have found the method 
to be highly successful with both small and large (100 g ) amounts of liver, 
nearly 100 per cent of the added atropine bemg recovered m control 
experiments 

Unlike Cloetta (1908) and Clark (1912) I have not obtained 
much convmcing evidence that rabbit hver m mtro destroys atropine 
Even introducing atropine into the organ during life by portal 
administration before carrying out the m-vitro test proved dis- 
appointing In the early stages of the work, when large crucibles 
were used for Vitali’s test, there appeared to be considerable 
destruction within a few hours, but with the improved te chni que 
this could not be confirmed. In two instances, 40 per cent, reduction 
was quite certain m 24 and 48 hours respectively, but in many 
more cases there was no destruction Ecetal rabbit hver and 
regenerated adult hver gave equally unconvincing results Similarly 
with rat’s hver and human hver no destruction could be 
demonstrated Only in the case of the frog were my results in 
agreement with those of Clark (1912) and von Oettmgen (1918), 
for most of the atropine disappeared m 24 hours I feel fax from 
convinced therefoie that actual destruction by hver cells is an 
effective method of disposal of the alkaloid 

Moreover, there is no evidence of excretion of atropine in the 
bile I am thus forced back upon the possibilities of removal by 
the lymphatics or the blood vessels, but on these I have no definite 
information Several workers (Ozawa, 1929 , Pulewka, 1932 , 
Oelkers, Raetz and Rinteln, 1932) have shown that much of the 
introduced atropine can be recovered from the urine m a number 
of hours , others (Eleischmann, 1910 ; Storm van Leeuwen and 
Zeijdner, 1921 , Van der Heyde, 1920-21 , La Barre, 1925-26 ; 
Oelkers, Raetz and Rinteln, 1932) have stressed the importance of 
destruction or adsorption in the blood It is difficult to escape 
the conclusion that renal excretion rather than destruction by the 
livei or any other organ plays the most important part in deahng 
with atropine It does seem certain, however, that if the hver has 
first call, as with portal introduction, much more atropine is 
temporarily stored in its vascular labyrinth Piesumably it is 
given up slowly to the blood stream and excreted by the kidneys 
In the absence of preferential treatment the hver shows no excessive 
storage and the alkaloid is fairly uniformly distributed throughout 
the tissues The few analyses I have made show very httle difference 
in the amount of atropine per g of tissue m, for instance, the hver. 
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kidney and heart, although the brain usually gives very much lower 
values 


Conclusions 

Rabbits tolerate much larger doses of atropine and store greater 
amounts in their livors with intraportal than with ear-vein 
administration Atropine is not e\creted in the bde and httlo is 
actually destroyed by ground up hver tissue A great deal of the 
stored atropmo can he easdy washed out from the vascular system 
of the hvor It is suggested that disposal takes place by temporary 
union with the vessel walls, re absorption into the blood stream 
and slow excrotion by tho kidneys There appears to be little 
ovidcnco in favour of a specific detoxifying action of the hver 
against atropine 

I am very much indebted to Professor G A Cameron for assistance with 
tho experimental work and to Dr C H Gray for supervision of tho chemical 
details Tho oxponscs wore defrayed by a grant from tho Ceylon Government 
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allowing it to cool, adding 4 drops of fuming HN0 3 , evaporatmg, cooling and 
adding 3 drops of a saturated solution of caustic potash m absolute alcohol 
The end point is taken as the slight violet colouration given by 0 001 mg 
of atropine sulphate With tissue emulsions, however, the distinction given 
between 0 001 and 0 002 mg may be very difficult Small crucibles aie 
essential for accuiacy in dealmg with minute amounts of atropine The 
caustic potash solution must be absolutely fresh I have found the method 
to be highly successful with both small and large (100 g ) amounts of liver, 
nearly 100 per cent of the added atropine being recovered in control 
experiments. 

Unlike Cloetta (1908) and Clark (1912) I have not obtained 
much convincing evidence that rabbit liver m intro destroys atropine 
Even introducing atropine into the organ during hfe by portal 
administration before carrying out the m-vitro test proved dis- 
appointing In the early stages of the work, when large crucibles 
were used for Vitah’s test, there appeared to be considerable 
destruction within a few hours, but with the improved technique 
this could not be confirmed In two instances, 40 per cent, reduction 
was qmte certain in 24 and 48 hours respectively, but in many 
more cases there was no destruction Ecetal rabbit hver and 
regenerated adult hver gave equally unconvincing results Similarly 
with rat’s hver and human hver no destruction could be 
demonstrated Only in the case of the frog were my results in 
agreement with those of Clark (1912) and von Oettmgen (1918), 
for most of the atropine disappeared m 24 hours I feel far from 
convinced therefoie that actual destruction by hver cells is an 
effective method of disposal of the alkaloid 

Moreover, there is no evidence of excretion of atropine in the 
bile I am thus forced back upon the possibilities of removal by 
the lymphatics or the blood vessels, but on these I have no definite 
information Several workers (Ozawa, 1929 , Pulewka, 1932 , 
Oelkers, Raetz and Rmteln, 1932) have shown that much of the 
introduced atropme can be recovered from the urine in a number 
of hours , others (Fleischmann, 1910 , Storm van Leeuwen and 
Zeijdner, 1921 , Van der Heyde, 1920-21 , La Barre, 1925-26 , 
Oelkers, Raetz and Rinteln, 1932) have stressed the importance of 
destruction or adsorption in the blood It is difficult to escape 
the conclusion that renal excretion rather than destruction by the 
hvei or any other organ plays the most important part m deahng 
with atropme It does seem certain, however, that if the hver has 
first call, as with portal introduction, much more atropme is 
temporarily stored m its vascular labyrinth Presumably it is 
given up slowly to the blood stream and excreted by the kidneys 
In the absence of preferential treatment the hver shows no excessive 
storage and the alkaloid is fairly uniformly distributed throughout 
the tissues The few analyses I have made show very little difference 
m the amount of atropme per g of tissue m, for instance, the hver. 
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TYPE SPECIFIC BACTERIOPHAGES FOR 
COR YNEBAGTER1 VM DIPHTHERIA 

E V Keogh, R T Snmo>s and G Astoerson 

From tho Commonwealth Serum Laboratories, Melbourne 


Several investigators have isolated, usually with difficulty 
bacteriophages acting on C diphtheria Stone and Hobby ( 2934 ) 
review the relevant literature This paper is concerned with the 
correlation of ping© susceptibility with biological type and &ero 
logical group Using two locally isolated phages, the great majority 
of local diphtheria strains hav© been classified in groups which 
closoly correspond with those obtained by other methods (colonial 
characters, serological reactions, starch fermentation, etc ) During 
tho course of this investigation some hundreds of Australian grant 
and intermediate strains have been classified serologically, with 
results in general agreement with those of recent English 
investigators (Mair 103(1 Robinson and Peeney , 1036) 

Methods 
Isolation of phages 

Scwago eQtuonta and faeces from cases of diphtheria wcio tested for thu 
presence of phage against a number of cultures, singly and m mixture* 
Orthodox methods were used and will not bo described in detail In work 
of this nature one searches more or loss m the dark, being uncertain whether 
tho material examined contains a phage or wliether tho cultims u*ed mo 
suscop&ible Two phages wore isolated, but it is not certain wliether eilhcx 
or both were derived from the excreta or from ono or moro of tho culture* 
Later it was found that one of these phages could bo obtained regular^ 
from some lysogenic cultures , wo have not succeeded an re isolating the 
other cither from cultures or feces These two phages will bo designated L 
(largo plaque) and S (small plaque) throughout this paper 

Propagation of phages 

L phago has been grown on an intermediate strain * Lister ' S phago 
on a gravis strain u Wray M It is difficult to obtain high fcitre filtrates with 
regularity, especially with * S phage Tho method finally adopted has 
been to inoculate 60 o c of nutrient broth, to which 10 per cent of normal 
horso scrum may be added, with a loopful of organisms and simultaneously 
with Iqq of on active filtrate After incubation for 1 3 days tho culture 
is Seitz filtered and the titre of tho filtrate determined by enumeration of 
plaques on agar If the titre is unsatisfactory the filtrate is ro inoculated 
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TYPE-SPECIFIC BACTERIOPHAGES FOR 
CORYNEBACTERIUM DIPHTHERIAS 

E V Keogh, R T Simmons and G Anderson 

From the CommonucaUh Serum Laboratories, Melbourne 

Several investigators have isolated, usually with difficulty, 
bacteriophages acting on C diphtheria: Stone and Hobby (1034) 
review the relevant literature This papci is concerned with the 
correlation of phage susceptibility with biological type and sero- 
logical group Using two locally isolated phages, tile great majority 
of local diphtheria strains have been classified 111 groups which 
closoly correspond with those obtained by other methods (colonial 
characters, serological reactions, starch fermentation, etc ) During 
tho course of this investigation some hundreds of Australian grans 
and intermediate strams havo been classified serologically, with 
results in general agreement with those of recent English 
investigators (Hair 193(1 , Robinson and Pcenoy 1930) 

Methods 
Isolation of phages 

Sowago effluents and faeces from cases of diphtheria were tut. tod for tho 
presence of phago against a number of cultures, singly and in mixtures 
Orthodox methods were used and will not bo described in detail In w ork 
of this nature ono searches more or less in the dark, being uncertain, whether 
tho material oxammod coutains a phage or whether the cultures used me 
susceptible Two phages woro isolated, but it is not certain whether eitlicr 
or both woro derived from the oxcrota or from ono or more of tho cultures 
Later it was found that ono of thoso phages could bo obtained regularly 
from soxno lysogenic cultures , wo have not succeeded m re isolatmg the 
other either from cultures or Faeces These two phages will be designated L 
(largo plaquo) and S (small plaquo) throughout this paper 

Propagation of phages 

L pliago has been grown on on intermediate strain “ Lister ’ & phage 

on a gravis strain “ Wray ** It is difficult to obtain high titro filtrates with 
regularity, especially with “ S ” phage Tlie method finally adopted lias 
boon to inoculate 50 c c of nutrient broth, to which 10 per cent of normal 
horse serum may bo added, with a loopful of organisms and simultaneously 
with 1 c o of an active filtrate After moubation for 1 3 days the culture 
is Seitz filtered and tho titro of tho filtrate determined by enumeration of 
plaques on agar If the titre is unsatisfactory tho filtrate is re moculntcd 
jours or paw — VOL xivi tfij 2x2 
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with, the susceptible strain, incubated foi 18 hours and re-filtered This 
process is continued until a satisfactory titre (10 -8 ) is obtained. 

The It phage filtrates maintain their titre fairly satisfactorily, falling 
from 10 -8 to 10 -7 in a month at 0° C The S phage filtrates are less stable 
as the titre drops rapidly, the filtrate losing 90 per cent of its activity in a 
week at 0° C 

Production of plaques 

Plates are poured from 1 25 per cent agar prepared by the method of 
Wright (1933), to which 10 per cent of normal horse serum is added After 
a preliminary drying at 37° C for 30 minutes they are spread with an 
18-hour broth culture, dried in the meubator with the lids raised, and 
incubated for another hour with the lids lowered This preliminary 
mcubation is adopted because it was found that confluent growth on the 
plates may not result from a broth culture inoculum but does occur if the 
spreader is run over the plate after 1-2 hours’ mcubation Following this 
mcubation the required dilutions of phage are spread using standard technique 
and the plates dried for a further 15 minutes 

Cultures. 

The majority of the cultures used had been isolated elsewhere and had 
been typed on isolation The entire series was retyped, using as criteria 

(а) colonial appearance on nutrient agar (Wright) to which 0 04 pei cent of 
potassium tellurite and 20 per cent of defibrinated sheep’s blood lysed by 
freezmg and thawing are added at 50° C just prior to pouring the plates, 

(б) starch fermentation, and (c) type of growth in phenol red broth There 
were only occasional discrepancies, which will be mentioned in the text, 
between our results and the findings of those responsible for isolation 
Virulence tests had been carried out on these cultures but were repeated, 
by both intradermal and subcutaneous methods, on all cultures which were 
atypical m any respect, including the phage and serum reactions 

Agglutination tests 

During the course of some uncompleted studies by one of us (G A ) 
on the saline sensitivity of gravis, intermediate and nntis cultures, which 
show characteristic differences in this respect, it was noted that all strains 
examined formed stable emulsions m 1 5 per cent sodium chloride solution 
This simplifies the performance of agglutination tests, none of the manoeuvres 
resorted to by various workers to obtain stable emulsions bemg necessary 
Emulsions are prepared from serum agar slopes in 1 5 per cent saline, by 
scrapmg off the growth with a strong mchrome loop and rubbing up well m 
the saline If the growth is washed directly off the slope with saline the 
emulsions obtamed, though satisfactory, are less stable Only six cultures 
failed to give stable emulsions by this method The dilutions of serum 
are also made m 1 5 per cent saline 

Samples of type sera for gravis types were kindly supphed by Dr D T 
Robinson, together with cultures of his type strains (Robinson and Peeney) 
We had also available samples of sera for Mair’s gravis types A, B, and C 
and intermediate F It may be noted m passmg that Robinson and Peeney’s 
types I, II, and III correspond to Mbit’s types A, B, and C 
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with the susceptible strain, incubated for 18 hours and re-filtered This 
process is continued until a satisfactory titre (10 -8 ) is obtained 

The L phage filtrates maintain their titre fairly satisfactorily, falling 
fiom 10 -8 to 10 -7 in a month at 0° C The S phage filtrates are less stable 
as the titre drops rapidly, the filtrate losmg 90 per cent of its activity m a 
week at 0° C 

Production of plaques 

Plates are poured from 1 25 per cent, agar prepared by the method of 
Wright (1933), to which 10 per cent of normal horse serum is added After 
a preliminary drying at 37° C for 30 minutes they are spread with an 
18-hour broth culture, dried m the meubator with the hds raised, and 
meubated for another hour with the hds lowered This preliminary 
mcubation is adopted because it was found that confluent growth on the 
plates may not result from a broth culture inoculum but does occur if the 
spreader is run over the plate after 1-2 horns’ mcubation Following this 
mcubation the required dilutions of phage are spread using standard technique 
and the plates dried for a further 15 min utes 

Cultures. 

The majority of the cultuies used had been isolated elsewhere and had 
been typed on isolation The entire series was retyped, using as criteria 

(a) colonial appearance on nutrient agar (Wright) to winch 0 04 per cent of 
potassium tellurite and 20 per cent of defibrinated sheep’s blood lysed by 
freezing and thawmg are added at 50° C just prior to pouring the plates, 

(b) starch fermentation, and (c) type of growth m phenol red broth There 
were only occasional discrepancies, which will be mentioned m the text, 
between our results and the findings of those responsible for isolation 
Virulence tests had been earned out on these cultures but were repeated, 
by both mtradermal and subcutaneous methods, on all cultures which were 
atypical m any respect, mcludmg the phage and serum reactions 


Agglutination tests. 

Dm mg the course of some uncompleted studies by one of us (G A ) 
on the salme sensitivity of gravis, intermediate and mitts cultures, which 
show characteristic differences m this respect, it was noted that all strains 
examined formed stable emulsions m 1 5 per cent sodium chloride solution 
This simplifies the performance of agglutination tests, none of the manoeuvres 
resorted to by various workers to obtam stable emulsions being necessary 
Emulsions are prepared from serum agar slopes m 1 5 per cent sabne, by 
scrapmg off the growth with a strong mchrome loop and rubbing up well in 
the saline If the growth is washed directly off the slope with salme the 
emulsions obtamed, though satisfactory, are less stable. Only six cultures 
failed to give stable emulsions by this method The dilutions of serum 
are also made m 1 5 per cent salme 

Samples of type sera for grams types were kindly supphed by Dr D T 
Robinson, together with cultures of his type strains (Robinson and Peeney) 
We had also available samples of sera for Mair’s grams types A, B, and C 
and intermediate F It may be noted m passmg that Robinson and Peeney’s 
types I, II, and III correspond to Mair’s types A, B, and O 
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Phage-resistant strains 

Organisms resistant to either or both phages w ere obtained by 
the usual methods Such resistants originating from susceptible 
gratis type II strains show a change m colonial form, tho colonics 
being »itlis-hke in type We have not succeeded, howovor, m 
producing resistant forms of stable colonial typo a mi/ts-hko colony, 
if replated, throws colomos resembling the parent type and typical 
gravis colonies m varying proportions The instability is still 
present in the descendant colonics These miiis like colonies 
resemble the smooth colonial variants of grams strains obtained by 
Christison (1933) by tho ageing of bouillon cultures Wo havo 
obtained similar variants by the samo method Thoy are stublo ill 
colonial type, differing in this respect from those produced more 
rapidly by phage action 

None of these resistants showed change in serological typo, m 
power of fermenting starch, in typo of growth in phenol rod broth 
or in virulence But os these resistants were far from stable, tho 
possibility that such variants might bo derived by more extensive 
experiments or with other phages, cannot bo excluded 

Discussion 

The above findings show that susceptibility to phago can bo 
used as an auviharv means of classification of diphtheria strains 
In certain cases it may bo tho only method of charactensuig a 
particular strain The lysogemcity of the Victorian typo I strains 
distinguishes them from otherwise similar cultures which arc 
sensitive to L phage The Swan Hill typo II strains isolated it 
intervals over a period of nearly a year wi.ro cli irnctcrisod by their 
resistance to both phages Tho uso of Buell methods m identification 
is illustrated by tho geographical survey of cholera strains by 
Bruce White (1937), who used phngo sensitivity and Jysogomcity 
to distinguish Chinese and Japmoso from Indian strams, and 
these from the El Tor and other vibrios 

It is improbable that tho phages described aro tho only oxistmg 
ones Those previously mentioned in tho literature aro insufficiently 
characterised to determine whether thoy aro identical with ours 
With theso two pliagos wo havo successfully classified tho local 
strains of C diphtherias, but have failed with represent vtn e strains 
(serological types III, IV and V) winch havo not been encountered 
locally 

Wo liavo no data to mdicato w bother phago in vy bo unpbcitul 
in tho natural origin of now strains but tho possibility exists that 
phago may play a rolo in such transformations vs may appear 
spontaneously in tilro, or bo induced by various methods, eg 
change m colonial typo and loss of power of fermenting starch, which 
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chaiaoteiishc of tho soioiogical gtoup, but is duo to them ly&o- 
gomeitj Tests on the remaining English typo strains showed 
that xy pu II w as susceptible to both phages, type III weakly 
susceptible to L phage only, type IV insensitive to both phages 
and type V veiy weakly sensitive to L but insensitive to S It is 
o\ ldont that w itli the phages available it is not possible to distinguish 
the fi\e seiological gravis types As wo havo not found 
lopiosontatncs of sexological types III, IV and V among tho 
Australian strains it is not surprising that we have also failed to 
Ji ml jihages specifically activo against them Search for such 
phages might bo rewarded in countries wheio these types are 
common 

(b) Intel mediate strains Of tho 131 mtonnediato strains 
examined none was susceptible to S phage ; all but two wore 
susceptible to L phage Tho title of L phage was always one 
hundred-told higher when tested on intormodiato than on grams 
shams The two insusceptible stiams, which were typical inter- 
mediates m all lcspects including virulence, w r oio shown to bo 
hsogemc m lespect of L phage These strains agglutinate to 
title w ith F (intermediate) scrum and are virulent, with 10 exceptions 
( tide injru) 

Included m this collection of intermediate strains aio 25 eultiues 
previously classified as “ atypical gravis ” by Giegory (1937a), 
on the grounds that they resemble gravis colomally on McLeod’s 
medium and m typo of growth m phenol red broth, but do not 
torment staich They correspond to similar strains isolated m 
Scotland by Wiight et al. (1935), who designate them grams 
type IV in their classification These shams agglutinate to titro 
with *‘F” (intermediate) serum (Mair) Thoy rosomblo typical 
mt oi mediates m sensitivity to L phage Tho colonial appearanco 
of these strains can be leadily distinguished from tho typical gravis 
strains on tho medium we employed, which contains unhoated 
sheep’s blood In view of the serological findings wo regard these 
as intermediate shams 

The 1(5 avirulent shams in this group were isolated from healthy 
children by Gregory (19376) These cultures w’ere all susceptible 
to L phage but cbd not agglutinate with F (intermediate) serum, 
except slightly m low dilutions They form a homogenous sexo- 
logical group . a serum prepared against one of them agglutinates 
all the others to titro, but has no action on the virulent intermediates 
except in very low dilution 

(0 Miti.s strains None of tho ISO milts stiams examined is 
susceptible to either phage Two cultures, however, were shown 
to be l\ -ogoim and from them was recovered a plmgo to winch 
tinlv uno cult uie of those tested is susceptible, the gravis strain 
previously mentioned ongm.it mg fiom the Lister Institute 
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AN INTRACUTANEOUS RABBIT TEST FOR THE 
ASSAY OF ANTIPNEUMOCOCCUS SERUM 

Jons Ifsen, Jr 

From the Department of Biological Standards, Statens Serum Institut, 
Copenhagen 

Antipnetjmo coccus serum is now tested m vitro and m vivo in mon> wu>» 
which need not be described here An excellent summary of methods 
employed up to date was given by Felton and Stahl (1937) In recent 
years efforts liavo been mode to make tho m vitro tosts as accurate as possible, 
(agglutination precipitation, N determination in precipitated antibody) 
Nevertheless, although these methods are quicker, more accuxato and less, 
costly than tests on animals, tliero has been universal reluctance to abandon 
titration of the protective effect on infection of an experimental animal 
It is this effect which is utilised therapeutically, and it has not yet been 
determinedwhethorornotthoin vivo and in vitro values of antipnoumococcuz 
sera are parallel Tho tendency to depart from in vivo tests is duo to tho 
high degree of error and the oxpenso attending them Tho practical problem, 
in titrating antipneumococcus scrum iuthorto lias been to procure large 
numbers of uniform mice but even with a much inbred stook ono cannot do 
with fewer than 10 mico per doso if tho limits of error are to bo within tho 
range 50 200 per cent Tlio British Pharmacopoeia Commission (193G) 
has attributed the following grade of accuracy to tho mouse protection 
test “ Limits of error If 100 mice receivo tho Standard Preparation and 
100 mice receive tho preparation bemg tested tho limits of error (P ** 0 99) 
are 67 and 170 per cent 1 

The present paper describes a method of testing the biologioal 
effect of antipnoumococcus serum in winch tho drawbacks of tho 
mouse method are avoided, the effect of various serum doses being 
observed m the same animal organism 

The rabbit mtracutaneous test 

(n) Principle oj the method A small doso of a higlily virulent culture of 
pneumococcus (types I and II) injected mtracutaneously m a rabbit will, 
in the course of 24 hours, produce intense inflammation appearing in the 
form of an elevated erythema which spreads widely, both ventralJy and 
laterally If oven largo doses of culture arc mixed with sufficient typo 
specific antipneumococcus serum, tho lesion will fail to appear This 
observation forms the basis of tho method now described 

Two senes of mixtures of a constant doso of hvo culture and varying 
doses of (1) a standard serum and (2) an unknown scrum are injected into 
tho same rabbit If it can bo assumed that the skin area m which an 
incipient reaction is observed in tho senes with tho unknown scrum contains 
the same number of units as that wluch gives a corresponding reaction in 
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ha\e been reported by various* investigators (C'lmstison, 1933; 
Man*, 193b; Robm->on and Pecney, 1936). 

SlDULUtY. 

1. ISO Austialian stiains of G. diphthenve have been examined 
in respect of sonsitivity to two stiauis of phage, S and L 

2 Of tlieso local chphthona strauis, gravis type I strains aio 
susceptible to S phago and are lysogemc in respect of L phage , 
grans typo II strains aio susceptible to both phages (with o 
exceptions) , intermediate strains are susceptible only to L phago 
(with 2 exceptions which aie lysogenic in lespect of L phage), 
milts stiains aie not susceptible to either phage. 

.3. A simple method of preparing stable emulsions of 
G. diphthenw for agglutination is described. 

1 Tho significance of these findings is briefly discussed. 

Wo art) very grateful to Mr T. S Gregory for providing us with a laigo 
collection of tjped Victorian strains which formed u basis for tills work. 
Largo numbers of cultures were also supplied by Professor Harvoy Sutton, 
Dr N. E Goldswoithy, Dr Helen Kelsoy, and Miss Marjory Candy, to whom 
wo offer our grateful acknowledgments. 
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VM3 

Salta A 

Series B 

#0 

Setvm (A.V ) 

Culture (c c.) 

Scrum (A U ) 

Culture (c.c ) 

mm 

0 20 

0 005 

0 020 



0 16 

0 005 

0 016 



0 126 

0 005 

0 0125 



0 10 

0 005 

0 010 



0 08 

0 005 

ooos 



0 003 

0 005 

0 0063 



0 05 

0 005 

0 005 



0 04 

0 005 

0 004 


mm 

0 032 

0 005 

0 0032 

Mmm 


It 13 difficult to decide which tost dose of culture 13 preferable , perhaps 
0 0005 c 0 gives greater accuracy but 0 005 c c 13 moro convenient 

(d) Inoculation of rabbits Immediately after preparation the mixtures 
of serum and culture are injected mtracutoneously into o depilated rabbit, 
the standard serum on one side, the unknown serum symmetrically on tlio 
other When making the calculations it must bo remembered that only 
one fourth of the quantity transferred to the gloss has been mjectod 


Reading the 1 nlracutaneous reactions 

Antipneuinococcus serum has two effects on the injected culture, 
which in the present work have served as a basis for appraising the 
potency of the serum In the first place it prevents the appearance 
of the conspicuous pathological change m the skin , m the second 
it inhibits the local growth of pneumococci in the area m which 
it is injected 

The anatomical reaction During the first 4 6 hours after 
injection the slim areas present a homogeneous, somewhat clovatod 
erythema which does not permit of any opinion on the subsequent 
result After eighteen hours, in areas with the highest sorum dose, 
in typical cases tho slon is normal or there is redness without 
infiltration The characteristic feature of a positive roacti on is 
infiltration exceeding 10 mm m diameter In tho first, second or 
third area the infiltration is most often distinctly delimited Areas 
with lower serum doses present tho typical diffuse reactions and 
sometimes the largest reactions aro completely confluent Them 
is never any necrosis, but tho largo reactions are moro or less cyanotic 
in colour 

The best tune for reading the result is between IS and 21 hours 
after injection The local reactions aro then strongest and most 
typically developed, and tho bacteruemia is not jot so pronounced 
that the genoral infection confuses the reading But ovoii at 
18 hours, the animals may bo in such poor condition, tho skin so 
cold and pale, with reduced turgor, that the reactions aro difficult 
to distinguish 
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the standard series, the potency can he recorded m international units. 
Apart from the skin reaction, the number of live bacteria in each skin area 
can be used as a test of the potency of the serum 

(b) Technique of the test Culture. The original Neufeld strain (type I) 
is used m the form of a serum broth culture about 18 hours old, cultivated 
direct from the heart of a bacteriaemic mouse Tested on mice such cultures 
have always proved lethal m a dilution of 10~ 8 Weaker cultures are useless 
Serum bouillon is always employed for dilution 

Sera. The international standard serum for type I (series no PA 10 
and PA 11) is used m the control series Against this standard two sera 
were tested, the potency of which was known from mouse tests From the 
National Institute of Health, Washington, Dr Harrison kindly furnished 
me with samples of the fluid American standard serum P 11 From the 
National Institute for Medical Research, Hampstead, I received a few 
ampoules of desiccated horse serum, type 1, selected with the object of 
replacing the international standard serum type 1, the stock of which was 
almost exhausted The contents of one ampoule, representmg 5 c c of serum, 
were dissolved in 25 c c of 66 per cent glycerine-saline, the same dilution 
as the international standard dilution 

(c) Preparation of the mixtures The titration was carried out with two 
different test doses of culture, 0 005 and 0 0005 c c , and a range of doses of 
serum selected so that the skin reaction might be m the middle of the series 
As one cannot have more than nine or ten skin areas in one series and as 
the variation from animal to animal in the quantity of serum required to 
neutralise a given dose of the same culture is considerable (table I, B), the 
dose intervals cannot be less than 25 per cent The following method of 
preparing mixtures has usually enabled us to attam our object 

From the international standard serum (Ice =200 A U ) two pieliminary 
dilutions are prepared (A) by mixing 0 2 c c of serum with 9 8 c e of saline 
(= 1 * 50) and (B) by mixing 0*2 c c of dilution (A) with 1 8 c c of saline 
( = 1 . 500) Dilution A thus contains 4 A U and ddution B 0 4 A U per c c. 

From these two dilutions two further series of serum dilutions are made 
as follows. 


Dilution no 

Scrum dilution A or B 
(cc) 

Saline (c c ) 

1 

0 20 

0-0 

2 

0 16 

0 04 


0 125 

0 075 

4 

0 10 

0 10 

5 

0 08 

0 12 

6 

0 063 

0 137 

7 

0 05 

0 15 

8 

0 04 

0 16 

9 

0 032 

0 168 


To each tube of the series prepared from dilution A (series A) is added 
0 2 c c of culture diluted 1 . 10 and to each tube of series B 0 2 c c. of culture 
diluted 1 100 For inoculation 0*1 c c of each mixture is used so that the 
actual doses employed in the mtracutaneous test are as shown in the table 
(p 573) 

The sera compared with the standard were so diluted that the two 
preliminary dilutions, as judged by the m-vitro and mouse tests, contamed 
the same number of units per c c. as dilutions A and B of the standard serum. 
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Accuracy of the rabbit mtradermal lest 
Table I contains the results of statistical calculations of tlio 
variation in the serum dose which permits the occurrence of an 
incipient reaction with a given dose of culture 


Tamil I 

Accuracy of the rabbit uttradcrmal test 



Tcstdoso 

of 

culturo 
(cc ) 

Method of 
reading. 

^ umber of 
observations. 

Decrees of 
freedom 

Standard 
deviation of 
logarithm of 
scnundowj 

JJrait* 
of error 
(percent.) 
(i* - 0 1)3). 

A 

r 

0 005 

Anat 

21 

20 

bh 


Various cultures various 


0 00a 

Bact 

21 

20 



rabbits 


0 0005 

Anat 


14 

0 115 

62-195 

1 

0 0005 

Bact 

S3 

14 

0 154 

40-230 

B 



Anat 

1 

10 

0 157 

39-254 

Same culture a anoua 



Bact 


10 

0 199 

31-326 

rabbits 


0 0005 

Anat 


9 

0 005 

57-170 



0 0005 

Bact 


17 

0 173 

30-270 







StantLml 








deviation of 








logarithm 






■ 


of A IX tltre. 


C 



Anut 


19 

0 109 

53-190 

E\ aluation of sera against 


0 005 

IgsM- 

21 


0 105 

54-180 

standard serum in same 



4oat 

15 

■ 3 , 

0 053 

73-137 

rabbit 


0 0005 

Bact 

15 

Hi 

0 110 

30-109 


The first part of the table (A) deals with tlio variation in the 
highest serum quantity to permit the occurrence of a reaction ns 
tested against the same dose of various cultures The second 
part (B) comprises results of tests made on the same day, when 
the same mixture of culturo and serum was injected into two or 
three rabbits The standard deviation and the limits of orror aro 
calculated on the difference between the results on the various 
rabbits An examination of the distribution of tho scrum doses 
makes it extremely probable that only the logarithmic \ allies 
comply with the normal law of distribution, for wiucli reason the 
standard deviation is shown m logarithms 

Tho first part of the table shows that tho variation m the 
quantity of sorum which neutralises tho test dose from day to day 
is much greater than when titrating with toxins This is natural, 
however, where an agent is concerned which multiplies after 
injection, and when in addition to tho serum the animal organism 
itself participates in the neutralisation of tho agent 

The deviations aro so marked that pipetting errors become 
unimportant, so there is reason for ascribing the great variations 
mainly to differences m the cultures and in the resistance of tho 
rabbits 
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Sometimes there may bo doubt as to the tuea in. which the 
reaction begins, and a subjective element may enter mto the 
adjudication It might therefoie bo thought expedient to select 
the fully developed, typically diffuse reaction as the end point, 
but the transition from a weaker to a stronger reaction is not more 
abrupt than that from a negative to a positive reaction, and on 
the whole the incipient reaction is the best defined titration limit 

The bacteriological reaction For this a technique has beon 
employed by means of which the pneumococci are cultivated from 
the skin areas, so that one obtains an idea of the relative number 
of bacteria m each 

Eighteon hours after injection, immediately after the anatomical 
reaction is read, the labbit is lulled ■with clilorofoim With a 
sterile razor blade an angular incision is made round the site of 
injection, the apex is gripped with forceps, and with the aid of 
another sterile blade the flap of slnn is disseoted by means of small 
incisions parallel with the surface through the subcutaneous tissue 
The culture is made from the under side of this flap of slun It is 
a conspicuous fact that in the positive areas the subcutis is veiy 
cedematous and adherent to the underlying tissue, whereas negative 
areas present a smooth white subcutis and are easily detached 

Cultivation is perfoimed by rubbing a coarse inoculation needlo 
with a small loop ten tunes or so on the inner side of the flap of 
skin and tiansferring the material so obtamed to a 10 per cent 
blood-agar plate 44 ins m diameter, spreading it not too thickly 
One quarter of the plate is inoculated from each slun aiea. 

On the following day the typical picture is that only a few 
colonies, or none at all, have grown from the areas with a high doso 
of serum, -whereas from those with lower doses it is possiblo to 
cultivate numerous colonies The difference betw een these bacterio- 
logically positive and negative fields is strikingly abrupt. A count 
of 40 titrations has shown that if from one skm aiea it has beon 
possiblo to cultivate ‘innumerable” colonies (>200), the average 
number cultivated from the preceding area with a 25 per cent, 
higher dose of serum is 15 colonies , in more than half of the cases 
the area was sterile By cultivating four times from the same 
areas with over 200 colonies the results obtained were constant 
From areas with a countable number of colonies tin's quadruplicate 
cidtivation gave numbers which varied usually from 0 to 50, but 
were always below 100 There is no correlation between the 
countable numbers of bacteria and the sermn dose 

The ond point of the titration m bacteriological reactions will 
therefore naturally bo the highest doso at which a vigorous growth 
of bacteria occurs, and consequently the comparison between the 
two sera Li quite simple. 
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Intracutaicous Utratwn of American standard serum P 11 and new 
proposed international standard against present international standard 


Serum tested 

Test doso 
of 

culture 

(caj 

Method 

or 

reading 

Number 

of 

titrations. 

Results (A U ) 

Geometrical 

mean 

Logarillim 
of mean. 

btamUrd 

deviation 

of 

logarithm. 


0 005 

Anut 

11 

312 250 197, 312, 250, 
250,200 250,320,250, 
320 

262 A U 

2 418 

0 084 

P 11 

0 005 

Bact 

11 

200, 200, 200, 200, 250 
310,400,252,320 300 
320 

261 A U 

2 417 

0 120 


0 0005 

Annt 

5 

250, 250 200, 250, 250 

240 A U 

2 38 

0 048 


0 0005 

Bact 

3 

200 250 200, 200 320 

229 A U 

2 36 

0 089 


0 005 

Anat 

10 

1000 1000 1000, 030, 
050 12o0, 650 500, 
625 025 

755 A U 

2 88 

0 135 

Proposed . 

0 005 

Bact 

10 

1000 780 780, 780, 
630 1000 625 500 
780 040 

740 A U 

2 87 

0 073 

standard 

0 0005 

Anat 

10 

780 780 625,780 025 
1000 800, 785 780 
800 

775 A U 

2 89 

0 057 


0 000 » 

Bact 

10 

635 680,625 625 500, 
1000 625, 625 1000 
625 

676 A U 

2 83 

0 126 


serum by means of tho mouse test was made by Felton and Staid, 
with the result that the ratio between the two sera is 300/1150 
Tile international serum was used in the undduted state For 
purposes of definition its titration was put at 1000 A U per c e 


On tins basis (80 mice per doso), F 11 should contain 


300x1000 

1150 


= 271 A U per e o This conforms very well with what was found 
intraoutaneously 

Proposed standard serum This is at present being tested by the 
mouse method m various laboratories in Great Britain According 
to a personal communication the preliminary titrations are stated 
to be 810, about 1200 and about 1600 A U As will be seen, the 
results obtained by the rabbit method are lower, 740 A TJ , but the 
great diffusion of the results m the mouse test means that as yet 
wo cannot call the difference important 


.Discussion 

On the basis of these observations it may be of importance to 
examino whether it is possible to dofine the biological reaction 
wluoh is observed in the rabbit method, and thereby form on 
opinion os to whether the te3t results of this method will be of any 
praotical service m determining tho value of therapeutic anti- 
pneumococous sera 
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Alter eighteen hours tv o difFeient reactions are observed in the 
rabbit, (a) inhibition of bacterial growth with rising serum doses, 
and (6) oedema and infiltration which meiease with falling serum 
doses 

Often, but by no means always, the end points of these two 
leaetions comcide They may differ by several areas, with 25 per 
cent, difference m the serum dose from one area to another 
In 51 titrations the leadings were distributed as follows 



Anatomical cnil point 
gheu with larger 
dose of scrum 

Ilian bacteriological 

End points of 
both reactions 
in same skin 
area 

Bacteriological end point 
gi\cn with larger 
dose of scrum 
than anatomical 

Skin uicus separating 

3 2 1 

0 

12 3 15 

the two end points 




Number of titrations 

I 3 3 

29 

11 4 2 0 1 


If the difference between the end points of the two methods of 
leading resulted from an observational error pure and simple, the 
separation would be at most one or two areas , but seeing that it 
has been found to be as much as five aieas, the necessary assumption 
is that some biological phenomenon is responsible Each skin 
area is mjected with the same number of bactena but the quantity 
of serum varies The difference in the reactions is first of all 
governed by the quantity of serum, but the serum Avoiks m con- 
junction with the natural defence forces of the organism, possibly 
activated by the serum (Goodner and Miller, 1935). 

The number of live bacteria in the field (the bacteriological 
reaction) will be governed by the giowth of bacteria, which is 
counteracted by bacteriolysis and phagocytosis How great an 
effect the serum has on the latter factors will to some extent depend 
on the responsiveness of the host. The variation of this factor 
from animal to animal may be j'udged from the second part of 
table I 

There is no reason to doubt that the anatonncal reaction is due 
to the pneumococci, but that it is unnecessary to presume that the 
icaction is due to live pneumococci is shown by the fact that m one 
series it is possible to find up to four anatomic«aIly positive aieas 
from which one caimofc cultivate more bacteria than from the 
negative areas on the same animal. The possibility is manifest 
that the skin reaction may bo piodueed by killed bactena or 
bacterial products (toxins ?) 

Quito schematically it may be said, when titiatmg with Inc 
cultures mtrncutancously on rabbits, tiiat with the bacteriological 
reaction one reads the protective effect of the serum, whilst the 
anatomical end point indicates the sum of the protective and 









ASSAY OF ANTI PNEUMOCOCCUS SERUM 


579 


anti-irritative effects Which of the two properties one should 
adopt as the criterion of sera for therapeutic use is a question which 
cannot ho settlod at this early stage of the investigations 

There are grounds for continuing to test with hve cultures 
administered mtracutaneously, as it enables us to observe on the 
same animal two effects of antipneumococous serum which will 
possibly lead to a better understanding of the clinical effect 
Should it turn out that equivalent values are measured by the 
rabbit and mouse methods, the rabbit method will be quicker, 
cheaper and more accurate in the routine testing of antipneumo- 
coccus sera 

Summary 

1 The condition produced in the skin of rabbits by the injection 
of live pneumococci is inhibited by the addition of type specific 
antipneumococcus serum in sufficient quantities to the dose of 
bacteria injected 

2 Antipneumococcus serum inhibits the growth of the bacteria 
when injected with them in sufficient doses 

.! A method is described which permits comparison of the 
effect of varying doses of two antipneumococous sera on a constant 
dose of hve culture m the skm of tile same rabbit 

4 The potency in international units obtained by this method 
approaches that found by the mouse protection test 

5 The accuracy of comparing two serv mtracutaneously in 
one rabbit is equal to that of the mouse protection test when 
200 mice ore injected 

0 The nature of the effect of antipneumococous serum observed 
by the rabbit intracutaneous method is discussed The two 
reactions described may be caused by quahtatively different 
properties of the serum 

1 wish to thank Dr Harrison and Dr Hartley for kindly providing me with 
samples of the sera and Dr Kauffmann for allowing me to make use of 
cultures produced m the daily routine of his department 
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THE HEREDITARY FACTOR IN INDUCED SKIN 
TUMOURS IN MICE ESTABLISHMENT OF A 
STRAIN SPECIALLY SENSITIVE TO CARCINO- 
GENIC AGENTS APPLIED TO THE SKIN 

G M Bonseb 

Brotherton Fellow in the Department of Experimental Patholoyy 
and Cancer Research, University of Leeds 

It is ft common experience that when a carcinogenic agent is 
applied to the skin of a number of mice from a mixed stock, there 
1a much individual variation m the date of appearance of both 
benign and malignant tumours Eight years ago it was decided 
to attempt to discover whether these characteristics are heritable, 
and later, when certain lines of mice had been established, to 
compare the reaction of the skm with that of mice belonging to 
some well known inbred stocks The possibility of the presence 
of a hereditary factor in the development of induced tumours m 
mice seemed all the more probable in view of the importance of 
such a factor in the development of spontaneous mammary and 
lung tumours 

Kroyberg (1934) described experiments in winch, by continuous brother 
aistor mating of tho offspring of ono female, he built up a strain of zmeo 
(white label) m which benign tumours induced by tar occurred m tho 
population as a whole at a considerably later date than did similar tumours 
in a strom (red label) already in use in tho laboratory and originally dem cd 
from Dr Haaland’s stock A very large number of mice was used und I 10 
concluded that the difference was a genetic one In 1935 he published the 
results of tamng 1000 members of tho white label population and concluded 
that tho reaction os regards tho formation of tar cancer was uniform during 
a period of 5 years but that m the males it was distinctly delayed as compared 
with tho females In addition he was ablo to segregate two lines, ono with 
a very high incidence of spontaneous breast cancer and ono developing no 
breast cancer The latter showed an earlier appearance and higher incidence 
of tor cancer than the general population, while in the former the uppoaranco 
was later and the incidence lower 

Tho tar wart was chosen as a means of demonstrating the 
hereditary factor because its appearance can be assigned to a 
definite date, it can be seen readily with the naked eye and although 
usually benign at first, with tho tar m use in this laboratory 
malignancy almost always supervenes if the animal is allowed to 

locus 01 pus — V00. SXP1 2 o 2 
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live for a sufficient length of time In addition, the conditions of 
application of the carcinogenic agent can be kept uniform and 
constant 

The technical difficulties were far greater than were anticipated, 
as it was found that the long-continued application of tar caused 
a marked decrease in fertility and diminished the milk supply of 
the mother Foster-mothering was considered but was not adopted 
o wing to shortage of accommodation , in view of Bittner’s (1937) 
recent discovery that foster-mothering of litters susceptible to breast 
cancer by non-susceptible mice can modify the development of 
breast and lung cancer in the fostered litters, it would seem to have 
been fortunate that this course was not pursued Finally it was 
decided to follow a suggestion of Dr Mottram that the mice should 
be allowed to breed before tarring was commenced and that the 
litters should be reserved for further breeding purposes Thus it 
would be possible to select the offspring of parents themselves 
developing early and late warts for the establishment of pure lines. 

Experiment I Isolation of the DK strain. 

Pregnant female mice were obtained from a dealer and finally 98 were 
available foi the experiment, each with a litter placed m reserve Tarring 
of the mothers was then begun The hair was chpped away with curved 
scissors from a small area of skm m the region between the shouldei blades 
Once weekly this area was painted by means of a camel-hair biush with an 
ether extract of horizontal retort tar prepared m the following mannei 
The tar was treated with lime and then extracted with ether in a Soxlilet 
apparatus The ether was evaporated and the residue used foi application 
to the skm The diet throughout the experiments was liberal and mixed 

A wart appeared in each of two mice after 7 and 8 applications 
respectively The male offspring of one of these was mated with 
the female offspring of the other and as far as possible brother-sister 
mating was contmued until the 9th generation was reached (coat 
colour black, with occasional grey or silver mice). Where no 
brother was available, either the father oi a first cousin was used 
The results of tarrmg of the 9th, 10th and 11th generations weie 
then compared with those of stock mice (table I) All the available 
mice in each generation were tarred and no selection was made 

Twelve of the ongmal 98 mice did not develop them warts until 
27-34 applications of tar had been made, but unfortunately by 
this time all of the htters were dead, so that no hne could be 
developed from mice with a late tar response 

Experiment II. Isolation of the IF and JCFI strains. 

In the first experiment no account was taken of the tar response 
of the male parent , thus it was decided to set up a number of 
breeding boxes each containing four females and one male When 
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<i litter from each female lmd been placed m reserve, tamng nv, 
commenced, 105 mice (83 female and 22 male) being avadablo foi 
tho experiment Tho first warts appeared at 9 Meets, but the 
only offspring available were tlioso from a mouse developing a wart 
at 11 weeks, whoso mate unfortunately had died during the first 
fow weeks of tarring Brother-sister mating was instituted among 
these offspring until the 7th generation was reached, this strain 
being called IP (coat colour black or grey) The results of tarring 
of the 7tli-llth generations were compared with those of stock 
mice (table I) 

In this experiment, where there was a high mortality among 
the original mice, all the survivors had developed warts at 26 
applications or less but by this time very few of the offspring were 
surviving Two females whose female parent developed a wait 
at 20 weeks and whoso male parent had died at 24 weeks without 
a wart were mated with a male whose female parent developed a 
wart at 20 weeks and whose male parent had died at 10 weeks 
without a wart This strain was called JCFI (coat colour white) 
It was felt that offspring from parents with a later tar response 
would liavo been more satisfactory had they been available 
Brothor-sister mating was continued until the 7th generation was 
readied, thereafter the results of tarring of the 7th to the Ilth 
generation were compared with those of stock mice (tablo I) 

Experiment ni 

The difficulties of preliminary breeding followed by tarring had 
proved to be so great that it was decided to make another attempt 
to isolate a strain with an early tar response by tarring a number 
of stock mice and breeding from those which developed warts carl> 

Of 50 mice (34 female and 16 male) a female developing a wart 
at 8 weeks was mated with a male developing one at II weeks 
The Utter thus obtained was very puny and did not suivive long 
enough for breeding to be continued 

Appearance of icarta vn stool, and mbred mice 

In table I are given the tunes of appearance of warts m stock 
mice for comparison with those of strains IF, DK and JCFI The 
mortality of tho stock mice was appreciably higher than that of 
the mbred mice, and as tlus mortality was spread over tho whole 
experiment its effect would be to exaggerate tho proportion of stock 
mice developing warts early, because some of the mice which 
could be expected to develop late warts would already have died 
Of the mice of strain IF (selected fiom a parent with an early wart) 

40 2 per cent developed them warts at oi before 12 weeks of tarring 
in contrast with 13 8 per cent of the stock mice Also i rather 
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Strain JCFI 
(7th lltli generation) 

Percentage 
m groups 
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31 0 

33 3 

25 6 
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* These mice had not developed warts at tho end of 20 weeks of tarring 
t Includes tho mice which had not developed warts at the end ol 20 wuks of tarring 
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gieater number developed their warts between 13 and 16 weeks of 
tarring (32 1 compared with 214 per cent) After 16 weeks, 
therefore, 72 3 per cent of the IF mice had developed warts, 
whereas only 3S 2 per cent of the stock mice had done so It is 
to bo noticed that there is no difference m the range of date of wart 
development m the two senes of mice 

When the DK strain (also selected from parents with early 
warts) is considered, no corresponding early wart development is 
found , in fact tho warts developed rather later, only 29 4 per cent 
appearing at lb weeks or earher compared with 36 2 per cent m 
tho stock mice Statistically this difference is not significant 
Tho JCfT strain (selected from parents with fairly late warts) 
shows somewhat earher warts than both stock and DK mico 

Berenblum (1931) considers that an estimate of the date at 
which 50 per cent of survivors show warts gives a fairer index of 
tho rato of wart appearance, as such a method takes into account 
tho mortality during the experiment Fifty per cent of surviving 
IF mice had developed warts at 13J weeks, of DK mice at 184 weeks 
and of JCFI mice at 174 weeks, figures winch confirm those already 
given 

These results show that it is possible by selective breeding to 
produce mico specially sensitive to the action of tar and that this 
characteristic is to some extent a genetic one The fact that only 
one of tho strains showed the characteristic sought for may have 
been due to chance or to the fact that it -was not possible to know 
tho tar response of both parents at the outset Reference has 
already been made to the technical difficulties of breeding mico 
with a late tar response 

Comparison of development of malignancy in three strains of 
mice bred in the laboratory 

Having established that the mice of the IF strain developed 
their warts earher than either stook mice or those of strauis DK 
or JCfT, an analysis of tho results of tarring with regard to the 
development of malignancy was made 

(a) Interval between wart appearance and development of clinical 
malignancy Tho difficulties of estimating clinically the oxact date 
of the malignant change in warts has often been discussed, notably 
by Cramer (1936) The criterion which was used here was the 
first sign of invasion of deeper tissues as estimated by palpation 
It is realised that this method allows a considerable error, but it is 
ail error which should apply equally to all the mice irrespective of 
strain In table II it is seen that, although the range of tho interval 
between wart appearance and the development of mahgnanoy is 
not greatly different, tho average interval in the strain which 
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develops eaily warts is longer by about 4 weeks and 2 weeks 
respectively than the interval m the other two strains As the 
warts appear on an average 4 weeks and 2 weeks earher m the IF 
strain, it is seen that the average time from the beginning of the 
experiment to the date of appearance of clinical malignancy is 
approximately the same m all the stiains, i e 23-24 weeks 


Table n. 

4 

Inienal between wart appearance and development of clinical malignancy 


Strain 

No of 
mice 

Shortest 

interval 

(weeks) 

Longest 

interval 

(weeks) 

Average 

interval 

(weeks) 

Avcrago date of 
appearance of 
wart (weeks) 

Average date of 
appearance of 
clinical malignancy 
(weeks) 

IF 

m 

0 

19 

10 2 

13 2 

23 4 

DK 

82 

0 

1G 

6 5 

1 

23 9 

JCFI 

4-1 

2 

16 

8 7 

15 9 

24 3 


All the surviving mice were killed at the end of 29 weeks of tarring , 
a histological examination of the warts of these mice and also of those which 
died before 29 weeks was made. Areas were chosen which showed the most 
advanced changes and where necessary several blocks were cut The usual 
criteria of malignant change were used namely hyperchromatism and 
megulanty of size and shape of nuclei, irregular and abundant mitoses, 
dediffeientiation of cells, invasion of fat and muscle, etc It was found 
convenient to adopt a classification of simple warts, malignant change 
without mvasion (semi-malignant warts, Mottiam, 1934) and malignant 
change with mvasion It is not denied that there is a certain personal factor 
in diagnosis and classification but to wait for mvasion of muscle before 
admitting the malignancy of these tar warts (Berenblum, 1929) undoubtedly 
excludes many winch have already undergone malignant change 

(b) Incidence of malignancy ( estimated histologically) m relation 
to the time of existence of the wart In this section are included all 
the mice with warts of which a histological examination was made 
at autopsy irrespective of the date of death No mouse was 
allowed to live longer than 29 weeks They have been arbitraiily 
divided into four classes according to the number of weeks befoie 
doath durmg which a wart was present (table III) In the IF strain 
no wart present for 4 weeks or less was malignant, but 2 out of 
G DK warts and 2 out of 9 JCFI warts were already mabgnant 
Similarly only 38 per cent of IF warts winch had existed for 
5-9 weeks were histologically mabgnant compared with 75 and 
72 per cent of the mice of the other two strains Of warts which 
had existed for 10-14 weeks, 55 per cent of the IF mice vero 
malignant in contrast with 86 and 80 per cent respectively of DK 
and JCFI mice This lag in the development of malignancy serves 
to confirm the estimate already made clinically (table II) that the 
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eaity appearanco of the IF warts is balanced by a longer interval 
before they beeomo malignant 


Table III 

Incidence of malignancy (eadmaied histologically) m relation to t/ic 
time of existence of the uarl 
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0 i weeks. 

No 

Per 
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No. 
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cent. 

No. 

Per 

cent. 



n 

175 

Simple 

10 

21 

02 

20 


10 




Mol l* 

0 

2 1 

38 

7 1 


0 1 



Mai II * 

0 

ii ) 

-IS / 

«} 


DIv 

117 

Simple 

4 

14 

25 

0 

IS 

9 




Mai I 
Mtvl II 

o 

0 

«!} 

75 

4} 

SC 

1} 

83 

jen 

in 

Simplo 

7 


28 

8 

20 

0 

31 



Mai I 
Mai II 

I 

1 

17 } 

72 

20 } 

80 

18 } 

60 


• Mat I *=. malignant without Invasion Mai n - malignant with Imnsion 


(c) Incidence of malignancy {estimated histologically ) after 29 
uccift of tarring The survival rate to the end of tbo experiment 
of iwco v Inch had developed warts was less than half m strain IE* 
and considerably hotter in the other two strains (table IV) But 
m mice which did survive, the incidence of malignancy at the 
end of 29 weeks is rather less (though not significantly so) in the 
IE* mice than m the others 

Table IV 


Incidence of malignancy ( estimated histologically) after 29 weeks of tarring 


Strain 

No of mice 
which 
developed 
waits 

Mice ext mined 
histologically 
at 20 weeks. 

Simple waits 

Malignancy 

without 

Invasion 

Malignancy 

invasion 

Total 

malignancy 

m 

Per 

cent 

No 

Per 

cent. 

No 

Per 

cent. 

B 

Per 

cent 

B 

ler 

cent. 

IF 

210 

100 

45 7 

32 

32 0 

11 

11 0 

67 

57 0 

68 

08 0 

DK 

158 

116 

72 8 

24 

20 0 

10 

8 7 

81 

70 4 

01 

70 1 

JCFI 

122 

ioe 

80 0 

30 

28 3 

13 

12 3 

03 

50 4 

70 

71 7 


Experiment IV 

As the early appearance of warts m the IF strain did not appear 
to be accompanied by any corresponding early development of 
malignancy, it was decided to compare it with some other inbred 
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strains and if possible with strains with a considerably later wart 
appearance. 

I am greatly indebted to Dr Kreybeig foi sending me a litter of his 
“ white label ” albino mice Through the kindness of Professor J B S 
Haldane I also obtained litteis of Little’s line of Bagg albmos (the females 
of which have a high mcidence of mammary cancer) and of Little’s line of 
black agoutis (CBA) in which mammary cancer is unknown or very rare. 
After a stock of mice of these stiains had been built up by brother-sistei 
mating, tar was applied weekly to the skin between the shoulder blades as 
described on page 582, and all the surviving animals were killed at the end 
of 29 weeks of tarrmg The degree of inbreeding of white label mice is not 
known, but the females develop a considerable mcidence of spontaneous 
breast cancer , the Bagg albino mice were m the 45th-48th generation of 
inbreeding and the black agouti in the 30th-32nd generation 

Lynch (1925) applied tar to the slim of a small number of mice of two 
stiains with varying mcidence of mammary cancer and concluded that 
there was no significant difference in the development of tar tumouis In 
1933-34, she published a more extended series of observations and concluded 
that there were very marked differences m susceptibility to tai-mduced 
skin tumours among various strains of mice In general the tai tumours 
were delayed in those strains which developed spontaneous mammary cancer 
Bernhard and Candee (1932) found that the response to tarrmg of two strains 
of mice, one with a high and the other with a low spontaneous mammary 
cancer mcidence, was similar, except that the latter had a latent period of 
12-14 weeks in the development of warts A similar percentage of waits 
in each strain became malignant They noticed also that in the early tar 
cancer strain (tern the high mammary cancer strain) the females developed 
warts earlier than the males Dobrovolskala-Zavadskaia and Olch (1934), 
using small numbers of mice of many different lines, found that there was 
much variation m the response to tar, individual as well as m the strain as a 
whole, but came to no conclusion as to whether coat colour was an important 
factor. The same (senior) author with Gamdo (1936) extended these 
observations and found no strain entirely refractory nor was pigmentation 
of the coat any protection against tar 

It may be stated that the IF mice are very much more sensitive 
to the development of tar warts than any of these other mbred 
strains (graph, p 590) In table V it is seen that 40 2 per cent of IF 
mice had developed warts by the end of 12 weeks of tarrmg, whereas 
no white label (Kreyberg) nor Bagg albino mice and only one black 
agouti mouse had developed a wart By the end of the sixteenth 
week 72 3 per cent of IF mice had warts compared with 8*4, 2 6 
and 10 5 per cent, of the other strains When the date at which 
50 pei cent of the survivors have warts is compared, there is a 
difference of from 64 to 114 weeks, the dates being . IF 134 weeks, 
white label 22, Bagg albino 25 and black agouti 20 weeks 

From these data it is seen that the Bagg albino (bieast-cancer- 
susceptible) mice are less sensitive to tar than any of the othei 
strains used That this lack of sensitivity is not an antagonistic 
action due to the presence of breast cancer is shown by the fact 
that none of the mice (of which 65 were female) developed a breast 
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tumoui before the end of the experiment. The average age of 
the females at death was 44 G weeks and all were virgins It has 
been found previously (Bonser, 1936) that breast cancers in this 
strain usually occur in bleeding females of 12 months or older and 
that the incidence is much diminished in virgins White label 
(ICreyberg) mice aie also hable to develop breast tumouis (Kxeyberg, 
1935) In this experiment 62 females developed warts , 29 were 
virgins and 33 had borne one or more litters and the average age 
at death was 50 6 weeks Sixteen mice developed breast cancer 



Development of warts in various mice at four- weekly intervals (tar) 


during the experiment (6 virgins and 10 breeders) at an average 
age of 43 4 weeks, and the average date of wart appearance m these 
mice was 20 6 weeks compared with 21 ’6 weeks in females which 
did not develop breast cancer Kreyberg (1935) found that in 
this strain the individuals with breast cancer showed a considerably 
later appearance and lower incidence of tar cancer No information 
is as yet available as to the incidence of breast cancer in non- 
expenmental mice of this strain but the figures )ust quoted do not 
suggest an antagonistic action between the development of breast 
cancer and the development of tar warts. 
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Comparison of the development of malignancy m IF, white laid 
( Kreyberg ), Bagg albino and blacL agouti mice 
(j,) Interval between wart appearance and development of clinical 
malignancy Information on this point is given in table VI 
Warts take considerably longer to become malignant m IF nnco 
than in the other strains By contrast, Marts m black agouti 


Tvble VT 

Interval between wart appearance and development oj clinical malignancy 


strain 

No 

of 

mice 

with 

warts 

Shortest 

intenai 

(weeks) 

Longest 

jutexr.il 

(weeks) 

Avcrago 

interval 

(weeks) 

crage date of 
appearance of 
wart (weeks). 

A\ tra^u date of 
appearance of 
clinical 
malignancy 
(weeks) 

11' 

77 

0 

10 

10 2 

13 2 

m 

Will to label 

43 

2 

13 

H 

10 1 

ffll'llH 

Bagg albino 

11 

4 

12 


20 1 

27 0 

Black agouti 

55 

0 

10 

D 

10 7 

21 9 


mice become mahgnnnt very qutehly (average intorval B 2 weeks) 
Consequently the length of tuno taken from the beginning of tlio 
experiment for malignancy to develop is approximately the samo 
in IF and black agouti nnco, but is slightly longor in white labol 
(Kreyberg) and Bagg albino mice 

(b) Incidence of malignancy ( estimated histologically) in relation 
la the time of existence of the nart ( table VII) No wart prosont m 


Table VJlU 

Incidence of malignancy {estimated histologically) in relation to the 
lime of existence of the t cart 
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an IF mouse for four weeks or less had become malignant, whereas 
varying percentages of warts of each of the other strains were 
already malignant, the highest bemg m the black agouti mice. 
Of warts present for 5-9 weeks, only 38 per cent in IF mice had 
become malignant compared with 48-88 per cent of those m 
other strains, the highest percentage again bemg shown by the 
black agouti mice As the numbers of mice bearing warts foi 
longer than this period become very small in the late strains, 
statistical comparisons cannot be made, but it is to be noted that 
of 73 IF warts which had been present for 15-21 weeks, 19, or 
26 per cent , were still simple 

(c) Incidence of malignancy ( estimated histologically) after 29 weeks 
of tarring {table VIII) Even though at 29 weeks IF warts had 
existed for considerably longer than warts of the other strains, no 
significantly greater number of them had become m ali g nan t, except 
Avhen compared with the Bagg albmo mice, whose warts had only 
existed on an average for 6 1 weeks This fact is considered to be 
a more likely cause of the failure to become m alig n ant than the 
antagonistic action of the breast cancer susceptibility When white 
label (Kreyberg) mice are considered it is found that m 16 female 
mice which bore breast tumours and warts, 62-5 per cent of the 
warts became malignant within the period of the experiment, 
whereas m 46 females without breast tumours 69 5 per cent became 
malignant. Again, from table VIII it is seen that of all the strains 
malignancy is most likely to supervene m black agouti mice 


Table VM. 

Incidence of malignancy ( estimated histologically) after 29 weeks of tarrmg 


Strain 

No ofnuco 
which 
developed 
warts 

Mice 

examined 
histologically 
at 20 weeks 

Simple 

warts 

Malignancy 

without 

invasion 

Malignancy 

with 

invasion 

Malignancy 

(total) 

No 

Per 

cent 

No 

Per 

cent 

No 

Per 

cent 

No 

Per 

cent 

Ko 

Per 

cent 

IF 

219 


45 7 

32 


11 

11 0 

67 

57 0 

68 

68 0 

White label 

114 

98 


34 

34 7 

10 

10 2 

54 

55 1 

64 

65-3 

Bagg albino 

79 

74 

93 7 

43 

58 1 

10 

13 5 

21 

28 4 

31 

41 9 

Black agouti 

94 

86 

91 5 


22 1 

7 

8 1 

60 

69 8 

67 

77 9 


The influence of sex upon the appearance of tar warts ( table IX) 

The numbers of mice of each sex used in the various experiments 
were roughly equal (table IX), except m the case of the Bagg albmos 
where the proportion of females to males was 83 to 32 Warts 
appeared approximately at the same time in mice of each sex. 




























Table IX 

Influence of acx upon the appearance oj tar warts 
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In the wlute label (Kioyberg) strain, rather more male than female 
mice had failed to dovelop warts by the end of the experiment 
(27-8 per cent of males compared with 12*7 per cent of females) 
Similarly m the Bagg albino mice, 06 3 per cent, of males and 
21*7 pei cent of females had not developed warts at tho end of 
29 weeks’ tarring So that there appears to be some slight delay 
m the development of warts m male mice of these two lato strains. 
The black agouti nuce did not show tins difference. 

The influence of sex upon the development of malignancy 
(tables X and XI) 

Theio is no marked diffeience in the mterval between wart 
apjiearanco and the development of clinical malignancy ni male 
and female mice in either the early strain IP or tho late strains 
white label (Kreyberg) and black agouti (table X) But consider- 


Table X. 

Comparison of clinical and histological malignancy m males and females. 


! 

i 

Interval between appearance of 
wart and clinical mallgnaucj 

Histological examination at 20 weeks of tarring 

| Strain 

1 email' 

Male 

Female 

Male 


No or 
mice 

Av <.rag<. 
ink ri al 

Xo of 
mice 

Average 

Interval 

Xo ol 
mice 

Per 

cent 

simple 

Per cent 
malignant 

Xo of 
mice 

Per 

cent 

simple 

Per cent 
nnllguant 

IF 

13 

10 0 

32 

10 3 

30 

22 0 

78-0 

50 

12 0 

58-0 

AYluto lubel 
(Kreyboig) 

28 

G 1 

13 

7 3 

31 

25 5 

75 5 

47 

11 7 

55 3 

Black agouti 

10 

4 G 

25 

5 8 

10 

10 0 

90 0 

10 

32 G 

67 1 


ably moie females than males in each stram have become 
histologically malignant by the end of tho experiment (tablo X) 
This, diffeience is statistically significant. Similarly, whether tho 
warts had existed for a short time (0-9 weeks) or for a longer timo 
(tablo XI), in each case a greater proportion of female than male 
mice boie malignant tumours Thus m male mice together with 
a slight delay m the development of warts theio is also a tendency 
for them to take longei to become mabgnant. 

Experiment V. 

The expei iments just described were started befoie the discovery 
by Cook and his co-woikers (summarised by Cook el al , 1937) of 
pure carcinogenic substances; recently it ivas thought desirable to 
lest tho mice with 3 1-benzpyreno and mctbyloholanthreno in 
addition to tar At tho same time an attempt was made to obtain 
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Comparison of malignancy according to the time of existence of the wart t» males and females 
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a inoie accurate estimate of tlie actual onset of malignancy m 
warts by means of biopsy under anaesthesia 

Branch (1936) painted the skm of mice twice weekly with a 0 5 per cent 
solution of 1 2 5 • 6-dibenzanthraceno in pure benzol and found that 
almost twice as many malignant tumours developed m a low breast cancer 
as in a high breast cancer stram, but no such disproportion was observed 
in injected animals which developed sarcomata Andervont (1934, 1935) 
howovei showed that single injections of the substance produced sarcomata 
in pioportions varying with the stram of mice employed, strains with a high 
mammary cancer incidence reactmg earlier than those with a low, and 
Boyland and Wanon (1937) found that the black agouti stram (CBA) was 
less susceptible to the carcinogenic action of methylcholanthrene injected 
sub cutem than the Simpson stram of albmo mice (high breast cancer mcidenco) 
Application of the carcmogenic substance m 0 3 per cent solution in 
benzene was made once weekly to the skm of the back between the shoulder 
blades, without preliminary epdation As soon as the wart was thought to 
be malignant, a small piece of the growing edge was removed under cthoi 
and urethane anaesthesia and submitted to microscopical examination If 
found to be malignant, the mouse was killed , if not malignant, tho tumour 
was observed for a further period and the mouse killed as soon as malignancy 
was thought to have supervened By this means it was possible to obtain 
a fanly accurate estimate of the actual date of onset of malignancy, but it 
must be remembered that even biopsy may fail to reveal malignancy if the 
right piece of tissue is not removed 

A Application of methylcholanthrene (0-3 per cent solution 

m benzene) * 

(1) Appearance of narts in IF and black agouti mice Using 
methylcholanthiene in 03 per cent solution, an agent which has 


Table XII. 

Appearance of methylcholanthrene and 3 4-benzpyrene narts 


Agent 

Hcthj lcholanthrene 



3 

4-Benzpyrcno 




Weeks 

IF 

Black agouti 

IF 

White label 
(Kreybcrg) 

Bagg albino 

Black agouti. 

Xo 

with 

warts 

Per 

cent 

Xo 

with 

warts 

Per 

cent 

Xo 

with 

warts 

Per 

cent 

Xo 

with 

warts 

Per 

cent 

Xo 

with 

warts 

Per 

cent 

Xo 

with 

warts 

Per 

cent 

0-12 

16 

64 0 

0 

0 

1 

3 8 

1 

6 3 





13-10 

3 

12 0 

4 

16 7 

6 

23 1 

3 

IS 8 




• 

17-20 

4 

16 0 

8 

33 1 

15 

57 7 

4 

25 0 



1 

50 

21-30 

2* 

8 0 

12 

50 0 

4 

15 4 

8 

50 0 

1 

5 9 

1 

15 0 

31-40 









7 

41 2 

r> 

75 0 

tl-lO 









0 

53 0 

i 

3 0 

Total 

23 

I „ 


20 


16 


17 


20 



* One of these mice (liol at 2d weeks without a wart 


lathei greater caicmogemc power than the tai m use m this 
laboratory, 16 of 25 IF mice (64 per cent ) had developed waits 


* Sitpp'ied by Messrs Hoffmann-La Hoclio 
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by tho twelfth week compared with nono of 24 black agouti mice 
Half of tho black agouti uuco developed their warts between 21 
and 30 weeks, by which tuno all the IF mice except two already 
had w irts (table XU) The mortality m tins experiment was very 
low, threo IF imeo dying at 0, 9 and 23 weoks and two black agouti 
mice at 14 weeks without warts Fifty per cent of survivors boie 
warts at 10} weeks m tho caso of IF and at 20 weeks m the case 
of black agouti inico 

(2) Development of malignancy Nineteen warts in the IF mice 
bocamo malignant , tlirco mice died without dovelopmg a wart, 
in four tho wm;t remained simple until death and m one it regressed 
Tho niorago interval botwcon the appearance of a wart and the 
dovolopmcnt of malignancy ns estimated by biopsy was 11 4 weeks, 
tho range being from 2 to 19 w colts All the warts (24) in the blnelc 
agouti uuco became malignant but two mice died without warts 
The averago mtenal between tho appearance of a wart and the 
dovolopmcnt of malignancy was 5 S weeks, the range bemg from 
1-13 weoks Thus oven though IF warts in general appeared earlier 
than black agouti warts, tiioy took considerably longer to become 
malignant 

B Application oj 3 4 benzpyrene (0 3 per cent in benzene) * 

(1) Appearance of uarts in IF, vJiile label (Kreyberg), Bagg 
albino and black, agouti mice That this is a much weaker carcino- 
genic. agent Ilian mothylcliolantlirono or tar is shown by the fact 
that whereas 04 per cent of IF mice had developed methyl- 
cholantlironc warts by tho end of tho 12th week, only 3 8 per cent 
had developed benzpyreno warts , tho majority of those warts 
occurred botwcon the 13th and 20th woeks (tablo XII) All the 
IF mico had developed w irts by the end of the 28tli week, whereas 
tho first Bagg albino mouse did not develop a wart until 27 weeks 
and tho majority appeared between the 40th and 49th w celts The 
worts in black agouti mico appeared earlier than m Bagg albino 
but considerably later than in IF mice All white label (Kreyberg) 
mice had developed warts by tho end of 25 weeks, the majority 
appearing between tho 21st and 25th weeks Thus their response 
approximates more closely to that of IF mice 

Fifty per cent of survivors bore warts at the following times 
IF 17} weeks, wluto label (Kreyberg) 18 weeks (i e actually earlier 
than with tar), Bagg albino 40} weeks and blade agouti 34 weeks 
This mothod of estimation shows the difference between the early 
and late strains in a striking way 

(2) Development of malignancy It is interesting to note that 
although the weaker carcinogenic agent delays the development 
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The numbers of mice used in these experiments ^ ^ ag - - 

smaller than those m the original tar experiments and tjK ‘ ot ® J ' 
is low In general, the lesults obtamed with pure carts* ® enl 

substances confirm those already obtamed with tar excefk 
white label (Kreyberg) mice appear to be more sensitive to' 
pyrene than they are to tar It is not desired to stress this 
as the numbeis are too small. 

The warts induced with methylcholanthrene and benzpyre^j 
have similar histological characters to those induced with te, 

In regard to the malignant change there is a point of difference 
With tar, the cells of a squamous carcinoma occasionally assume 1 ^ 
a spindle foim, the spindle cells bemg epithelial m origin With 
metliylcholanthiene and benzpyrene, the spindle-cell change is V' 
very much moie frequent and has been observed especially often f ! 
m black agouti mice (50 per cent of mice) It was observed less ' 
frequently in IF and not at all in white label (Kieyberg) oi Bagg 
albino mice j 


Discussion. 

A successful attempt to breed a stiam of mice (IF) specially 
aensitive to the development of the tar wart has been described 
Contrary to expectation, these mice do not show any tendency 
ou aids rapid development of malignancy In these respects they 
, ile the high breast cancel strain described by Remharcl and 
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(0) The results of applying methylcholanthreno to the shm 
of mice of IF and black agouti strains are similar to those obtainod 
with tar When 3 4-bonzpyrene is used m IF, white label 
(Kreyberg), Bagg albino and black agouti mice, the results are 
also similar except m the case of the white label mice, which seem 
to be particularly sensitive to benzpyrene The weaker carcinogenic 
agent serves to accentuate the differences between early and late 
strains in respect of wart development but not m respect of develop- 
ment of malignancy 

(7) The mice of the IF strain hove not been observed to develop 
spontaneous breast cancer 

(S) The genetic constitution of the mouse rather than the actual 
development of a spontaneous breast tumour is the factor concerned 
in the delay in development of the tar warts 

(9) Numerous attempts to breed a stram of mice specially 
resistant to the action of tar upon the skm were unsuccessful 

(10) Prolonged inbreeding does not decrease the range of date 
of wart development compared with stock mice In other words, 
there is great individual variation within the stram in response to 
carcinogenic agents applied to the skm 

I wish to express my thanks to Professor B D Passoy at whose suggestion 
these experiments were undertaken and to Dr J C Mottram and Professor 
F A E Crow for helpful suggestions To my colleagues m this Department 
I am grateful for criticism and suggestions I havo great pleasure m 
acknowledging the invaluable assistance of Dr M Young in tho statistical 
analysis of tho results 
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A SPECIAL FORM OF ERYTHROCYTE POSSESSING 
INCREASED RESISTANCE TO HYPOTONIC S ALIN E 

A M BaBBEtt, Sir Halley Stewart Research Follow 
Front the Bernhard Baron Institute 0/ Pathology, tho London Hospital. 

(Plates LXXII akd LXIV ) 

Although human erythrocytes in stained films usually show a 
relatively pale centre and a more deeply stamed outer zone, thoro 
is another form in which both tho centre and tlio periphery nro 
deeply stained and a pale or unstained intermediate zone lies 
between them, giving an appearance somowhat like tho altemato 
dark and light concentric zones of a target (fig 1) So far as I am 
aware this form of red corpuscle has previously recoivod littlo 
attention Since tho completion of tho greater part of the present 
work Haden and Evans (1037) have described this form as a 
characteristic featuro of sicklo cell anemia They refer to them 
as “ dimpled corpuscles, ’ and Uken their form to that of a Mexican 
hat , but, for reasons presently to bo given, “ dimpled ” appears 
to be an inacourate description, and tho torm “Mexicin hat 
corpuscles,” though picturesquo, is unwieldy, oven if it represents 
tho true form of the corpuscles Therefore, with apologies for tlio 
introduction of a new term, they will hero he called “ target typos 
of red blood corpuscle,” oi more briefly, “ target corpuscles ” 
X have deliberately chosen a name which refers only to tlioir 
appearance in stamed films and not to their three dimensional form 
Concommg this target type of corpuscle Hadon and Evans 
(p 142) say “ This unusual shape must be related in some way 
to tho abnormal tendency to hemolysis in sickle cell anemia and 
may determine the ease of fragmentation One occasionally sees 
a few cells of this shape in other anemias, but they are never present 
in any significant number excopt m sickle cell anemia They 
were constant m all the cases in which we have mode an 
examination ” It is convenient to defer discussion of these 
conclusions, but it is necessary to say at once that Haden and 
Evans aie mistaken in supposing that target corpuscles ore “ never 
present in any significant number except m sickle coll anemia ” 
They are abundant, for instance, in many cases of obstructive 
jaundice Fig 1 is a photograph of tho blood film of such a patient, 
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an English lady aged 68 who was suffering from an obstructive 
jaundice apparently duo to carcinoma of tho lioad of tho pancreas 
and in whom there was no reason wliatovor to su*poct sicklu-oell 
anaemia. 

In obstructive jaundice some degree of anaemia is common, 
particularly if tho jaundice is long-standing; but o\on when tho 
haemoglobin content and blood coiuit are normal, and w hen thuro is 
no other abnormality in tho film, taiget corpuscles are often 
conspicuous and abundant Now* it lias long been known that 
increased resistance to hypotonic salmo is oiton a feature ot the 
xed corpuscles in obstructive jaundice (von Lirabock, 189b ; McNeil, 
1910-11 , Meulengracht, 1922 ; and others), and hence it seemed 
possible that there might bo some relationship botwcon tho target 
type of red corpuscle and increased resistance to hypotonic salme. 

In order to test this possibility I determined in each ol 50 
patients (1) the percentage of tho retl colls which woio not 
Juemolyi.ed by 0*30 per cent. NaCI solution; (2) the pioaeneo oi 
absonce of target coipuselcs in stained films To avoid unnecessary 
repetition, corpuscle* resistant to 0*30 por cent. NaCI solution will 
now bo referred to simply as “ resistant ” corpuscle*, and tho 
term “ resistance ” will bo used only in tho limited souse of resistance 
to hypotonic salmo. Tho patients wore soloctcd so that there wore 
appioximately equal numbers with and without taiget coijnisclus; 
*ueh corpuscle* were searched for in every blood film examined — 
not only in cases of jaundice — and altornato cases in which tlioy 
were present and in winch tlioy woio absent weio included in this 
series. Tho result* of these investigations are shown m table I. 

3IET1IODS 

( 1 ) DtUnmnation of percentage of “ resistant” corpiutdca. 

A 0*30 per cent NaCI solution was prepared by appropriate dilution of 
a stock 1 per cent, solution of sodium chlondo -which had been picpurut 
irom jam chad NaCI and checked by titration with standard -ileer nni.uo 
..olut ion To determine tho farcentugo of “ ic*i->tuut ’* corpu-cln, two red 
cell count* were made, one using tho ordinary aotomo diluting Hind 
(0 1 per c< lit. gentian \iolet m 0 9 per cent NaCI solution), tho other u»mg 
o 30 p. r cent. NaCI solution aa tlio diluting dual A Burke r counting 
chamber wa» u*ed and tho total area counted m each co.*o was such that it 
me hull d not le-. than 10U corpuscles Tho tir*t count represented. tho total 
number of red torpu-cle* per c nun , tho necoml tho total number of 
” ii -uitant ” corpuscles far e mm. Tho latter number mi* then e>\pre— < d 
«■* a [are. macro of tla> former. 

A i far as ptaniblo only compb tel% unh.emoh oed corpu-stle* w< ro me ludi d 
m tho -t-eond count. A certain \or$ vuriablu number of “ gho-it " t« lh 
ofii n ciniblo m th** 0 .10 jar cunt NaCI solution, and although it was 
e^uailj io-a to dl.tuigui.-a them from the* unhemolj'ul cells. oeca-iionally 
it chtla ult 'I Jo ue of capillary blood introduced ariotlur variable 

f ,itnr, at Whitby and II} lies {193a> hwo shown that uythrocyto jvaitaneo 
i* * ifectc'l h. the "l.'gree* of o\\gc Hath >u of tl. » blood, which may not l»» 
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constant in diffcronfc samples obtained by car prick Tho possible errors 
duo to these causes were not controlled, but in order to obtain some idea 
of their magnitude tea separate determinations of tho percentage of 
“ resistant ” corpuscles -were made on the soiuo patient (147/37) during a 
period of 20 lioura Tho results were 4 2, 5 7, 5 3, 5 7, 5 4, 4 8, 4 7, 4 3, 
4 9, 5 1 Such variations could hardly affect tho results given below 

(2) Determination of presence or absence of target corpuscles 
Blood films were mode on slides, dried and stained for 3 minutes with 
Joimor’s stain Counters taming with dilute aqueous eosin makes the target 

corpuscles more conspicuous, but it is not necessary and was not used during 
this investigation. Tho presence or absence of target corpuscles was 
duenxuncd in tho following wn> The} were said to bo absent unless two 
or more were found during three minutes scorch of a satisfactory film Tins 
criterion doe9 not pretend to exclude absolutely tho presence of target cells 
it was only necessary that tho criterion employ ed should, bo a constant one 
Often tho frequency of target colls appeared to bo affected by tho thickness 
or thinness of the film Tins phenomenon was of hfctlo importance in the 
first investigation (table I), m which the percentage of target corpuscles wus 
not determined In tho second investigation (table II), in which tho 
percentage of target corpuscles was determined, coro was tal on that all 
films were of even thickness 


Results 

The results given in table I strongly suggest that there is a 
relationship between the presence of target corpuscles and resistance 
to hypotonic saline It will be soon that there are 20 cases 
altogether in which more than 2 0 per cent of the corpuscles wore 
resistant to 0 30 per cent NaCl solution, and m every one of these 
target corpuscles were presont . whereas of tho 21 cases with loss 
than 0 5 per cent of “ resistant ” corpuscles, only ono showed 


Tabus I 

The percentage of red corpuscles resistant to 0 30 per cent Had solution, 
and the occurrence of target corpuscles, in fifty selected cases 


Percentage of resistant " 
corpuscles 

homier of ca^c*. 

Target corpuscles 
present. 

Target corpuscles 
absent. 

Le&a than 0 03 

4 


n 

0 03-0 I 




0 1-0 25 




0 25-0 60 




0 5-2 0 

9 

5 


2-5 

5 

5 

G 

||B9Ej 

5-10 




15-20 

j* 



20-30 




30-40 



B 

Totals 

50 

20 

24 
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target corpuscles Further, although no attempt was made to 
demonstrate a quantitative relationship, it was noticed that target 
cells were always very abundant m cases with the highest percentages 
ot “ lesistant ” corpuscles. 

In order to obtain additional evidence concerning this relation- 
ship, observations were made on a few patients in whom an 
alteration in the corpuscular resistance was likely to take placo 
within a comparatively short period of time It has been shown 
by many workers (e g. Pel, 1912 ; Pearce, Krumbhaar and Frazier, 
1918 , Whitby and Hynes, 1935) that m animals and m man 
splenectomy is usually followed (except, possibly, m acholuric 
jaundice) by an increase in the corpuscular resistance It seemed 
possible therefore that, if repeated observations were made on 
patients submitted to splenectomy for reasons other than acholuric 
jaundice, an mcrease in the percentage of “ resistant ” corpuscles 
might be observed , and this might or might not be associated 
with the appearance of or with increased frequency of target 
corpuscles in stained films The results are shown m table H. 


Table II 

The corpuscular resistance and the frequency of target corpuscles 

after splenectomy. 


Ca>o 

no 

Diagnosis 

Date 

Tune after 
operation 
(dais) 

Red cell 
count 

(millions 
per c nun ) 

Colour 

ludev 

“ Resistant " 
corpuscles 
(per cent ) 

Target 
corpuscles 
(per cent ) 

18 37 

Thrombocytopenic 

10 2 37 

1 

4 31 

0 83 

mm 



purpura splenec- 

11 2 37 

2 


• 




tomy 9 2 37 

15 2 37 

6 

3 33 






18 2 37 

9 

3 49 

0 88 


08 



22 2 37 

13 

3 71 

0 85 





20 3 37 

39 

3 92 

0 83 


18 



7 4 37 

57 

4 74 

0 84 

6 1 

mm 

22 37 

“ Splemc anaemia” 

24 2 37 

0 

4 31 

0 87 

0 02 

0 


splenectomy 24 2,37 

12 3 37 

16 

4 84 

0 90 

1 4 

0 2 



28 5 37 


4 74 

0 95 

4 8 


63 37 

Thrombocytopenic 

5 6 37 

mm 

4 50 


0 27 



purpura splenec- 

11 6 37 


4 40 

0 82 

1 3 



tomy 4 6 37 

19.6 37 

1 EH 

4 40 

0-80 

1 6 

» 1 



22 9 37 

si 

5 20 

0 81 

13-7 



In determining the percentage of target corpuscles 1000 red cells 
weie counted These results provide further evidence of an 
association between the two characteristics under discussion, 
although in at least the third case (63 37) the relationship i» 
apparently not a quantitative one Nevertheless in each of these 
three cases target corpuscles were absent at the tune of the first 
observation, in each an increase in percentage of resistant corpuscles 
was associated with the appearance of corpuscles of the target 


















Plate LXin 


Fig 1 — Stained dried blood-film of a pationt (55 37) with obstructive jaundice 
showing numerous targot corpuscles In 0 JO per cent NaCl solution 
3J per cent of the led corpuscles remained unlisemolysed 

Fig 2 — E\pt I stained fibn of untreated blood 

Fig 3 — Expt I isolated “ resistant ” corpuscles of the blood show n in fig 2 

Flo 1 — Wet unstained pieparation of the blood of a putiont with obstructive 
jaundice whoso blood film showed many taiget corpuscles. 

Fig 3 — Control picpaiation of normal blood ticated in the same way as the blood 
in fig 1 
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typo, and in tiie first two cases, except m two observations, the 
target corpuscles became more abundant as the “resistant” 
corpuscles nioroased in number 

It has already been mentioned that the inoicased corpuscular 
resistance in. many cases of jaundice is associated with the presence 
of target corpuscles If the jaundice disappears, the corpuscular 
resistance soon returns to normal, and in the few cases that I have 
examined the target corpuscles liave disappeared at the same tune 

The question next arises whethei the target corpuscles aro 
themselves abnoimally resistant, or whether, owing perhaps to a 
common cause, their presence is merely associated with the presence 
of other corpuscles whoso resistance is increased In order to 
decide tins the following experiment was made 

Experiment I 

Isolation and examination of red corpuscles resistant to 
0 30 per cent sodium chloride solution 

By -venepuncture 6 cc of \enous blood, wero obtained from a patient 
with obstructive jaundico whose blood film showed many targot corpuscles, 
hepannised, and oxjguiated by shaking Several blood films were then 
made, after wluch the blood was centrifuged and tlic plasma removed iw 
completely as possible by means of o pipetto Tho plasma was preserved. 
About 0 5 c c of tho deposit of red corpuscles was added to 100 c c of 
0 30 per cent NaCl solution, shaken gentlj and ullowed to stand for 1} hours 
at room temperature , it was then centrifuged and tho deposit re suspended 
in normal isotonio saline After standing for J hour this was again 
centrifuged Tho deposit showed two clearly defined layers tho upper 
bright pmk and semi translucent, tho lower dark red and opaque Tho 
supernatant fluid and as much os possible of tho upper laj er of tho deposit 
wero removed with a pipotte and replaced by sorao of tho original plasma, 
bo that there wero about 4 volumes of plasma to ono of corpuscles Aftor 
this hud been mixed and had stood for 10 minutes tho plasma was remov td 
by centrifuging once more and tho same quantity of tho onguuil plasma 
again added In tins way a suspension was obtained, m their own hepariniM.d 
plasma, of those cells which wero resistant to 0 30 per cent NaCl solution 
Films wore mode from this suspension and compared with thoso made 
previously from tho whole blood 

It was obvious that there was a much lug her propoition of 
target corpuscles among the “ resistant ” colls than in tho w hole 
blood (compare figs 2 and 3) Ghost cells and cells apparently 
showing all degrees of haemolysis were present among the “ resistant ” 
cells, but 68 6 per cent of the completely unhaemolysed cells were 
definite target corpuscles compared with 6 9 per cent m tho whole 
blood, 1000 cells being counted in each case 

In order to confirm this result the experiment was repeated upon 
blood from another patient with obstructs o jaundice Tins time, 
besides the sample of blood that was washed with 0 30 per cent 
NaCl solution, a second sample was treated with 0 25 per cent 
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solution in older to ascertain whether the proportion of taigot 
corpuscles was still lughei among the cells lesistant to tins dilution, 
while yet a third sample was tieated in exactly the same way, 
except that isotonic (09 pei cent ) saline was used (table III) The 
thud (contiol) sample was intended to ensuie that the increuse m 
the number of target forms was not due merely to the effects of 
the washing, centufugmg, etc 


Table III. 
Results of cxpt. I. 


Xature of specimen 

Target corpuscles 
(per cent ) 

Untreated blood 

38 

Corpuscles washed in 0 9 per cent NaCI sol 

3 2 

Corpuscles resistant to 0 30 poi cent NaCl sol 

36 6 

Corpuscles resistant to 0 23 por cont NaCl sol 

63 2 


In deteimuung the percentage of taiget corpuscles, 1000 cells 
weie counted in each case and only completely unhsemolyscd cells 
weie included Smce, however, it was sometimes difficult to decide 
w'hether a corpuscle w r as completely unhsemolysed oi not, and 
smce the proportion of target cells appeared to vary somewhat m 
different aieas of the films, I do not regard the difference between 
56 6 and 63-2 per cent as significant If there are moio target 
corpuscles among the cells resistant to 0 25 pei cent NaCl solution 
than among the cells resistant to 0 30 per cent , the diffoience 
cannot be very great On the otliei hand there are undoubtedly 
many more coipuscles of the target type among the “ lesistant ” 
cells than among the cells of the whole blood 

It appeals, theiefore, that target corpuscles are not only 
associated with an mcieased proportion of “ lesistant ” cells, but 
aie themselves more lesistant tlian the cell population as a whole 

Other characteristics of the target type of red corpuscle. 

In view of the apparent significance of the target coipuscles 
it seemed woitli while to investigate their characteristics more 
closely Further examination of stained dried films suggests that 
target cells tend to bo both slightly smaller in diameter and moie 
perfectly lound than the rest of the coipuscles The latter feature 
is only a general impression, but the foimer is supported by 
measurements. In a blood film fiom a case of obstiuctive jaundice, 
the moan diameter of 500 red corpuscles selected at laudoin 
(including 4*0 pei cent, of target corpuscles) was S 045 y, standaid 
deviation 0 650 y , wdieieas the mean diamoter of 500 target 
corpu-»cU.» in the same film was 7 662 y, -standard deviation 0 677 y. 



A SPECIAL FORM OF ERYTHROCYTE 009 

The difference between the two means is 3 88 times the standard 
error, so that it may reasonably be regarded as significant 

The appearance of the target forms m dried films suggests tliat 
instead of being simple bi-concavo discs they lig\o i central 
thickening which would entitle them to be described as “ umbonato ” 
If a stained dried fi lm containing this form of corpuscle be examined, 
unmounted, with a binocular microscope and a one sixth objective 
(not on immersion lens) the stained rims and centres of the target 
forms do in fact appear to correspond to definite olev itions of the 
surface The appearance is shown w ell m the bas-relief photograph 
of Haden and Evans (fig 3), who refer to the “ central, sugaT loaf 
elevation ” and liken the cross section of these corpuscles to that 
of a Mexican liat They also refor to them as dimpled coipuscles , 
but since the term “ dimple ” is commonly used to denote a small 
depression rather than a projection, “ umbonate ” corpuscles would 
seem to be a better description 

It is necessary, however, to consider tlio possibility tliat this 
umbonate form is only acquired during the preparation of the 
dried film, especially as it has already been mentioned that the 
frequency of target corpuscles often appears to a ary more in 
different parts of the same film than is likely to be duo to chonco 
alone, and that it is apparently affected b> the thickness of the 
film Expt II was designed to settle this pouit 

Experiment II 

Observations on net unstained preparations comparison between 
such preparations and dried films 

Dried films and fresh wot preparations were mado from the 
heparuused venous blood of a patient (147/37) with obstructive 
jaundice In making the wet preparations the Mood was diluted 
in a blood-count pipetto with about 100 volumes of plasma obtained 
from another sample of tho same blood This dilution was necessary 
because otherwise the corpuscles were too crowded The dried 
films, unstained and unmounted, showed frequent corpuscles with 
the target appearance when exammed with a } ui objective, but 
only very few rather indefinite ones wore found m tho wet 
preparations One of the dned films was fixed by immersion in 
methyl alcohol for 30 seconds, and after being dried onco more a 
drop of plasma was placed upon it and a coverslip applied This 
preparation now differed from tho fresh wet preparations only m 
that tho corpuscles had been dried upon tho skdo and fixed , but 
it stdl showed frequent target corpuscles, whereas no definite target 
cells could bo seen in tho unfixed preparations Thus tho frtih 
blood must havo contained corpuscles winch only acquired tho 
target appearance during tho preparation and drying of the films 
nms or rim —rot, xin 2 9 
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Now theie were in the wet piepaiations corpuscles different 
from any that weie seen in control preparations of normal blood 
(compare figs. 4 and 5), and it was natural to wonder whether these 
might be the coipuscles which became target cells in dried films. 
When resting upon the slide they were seen as rings : the ring 
appeared denser than an ordinary corpuscle and was limited by an 
inner boundary almost as sharp as the outer bolder of the cell, 
wliile the cential area enclosed by the rmg appeared almost or 
quite empty (fig 4) The explanation of this appearance became 
clear when the corpuscles were set in motion by touching the covei 
glass Many then floated and rolled over so that they could be 
seen from all aspects It could then be seen that the corpuscles 
which, when they had settled upon the slide, had a rmg-hke 
appeaiance were in leahty bowl-shaped In fig 4 one such corpuscle 
on its side and tw r o beside it almost completely on their sides can 
be seen above the centie, while others are seen in intermediate 
positions When such a bowl-shaped corpuscle hes upon its bottom 
or its run and is view ed from above, transmitted light meets much 
more tissue in the appioximately vertical sides of the bowl than it 
does m the centre Consequently the sides appear denser and 
give lise to the rmg-like appearance described above A model 
of such a bowl-shaped coipuscle w T as made with plasticine (figs 6 a 
and 6 b ), and, smce plasticine is not transparent to light, an X-ray 
photograph was taken (fig 6 c) which show r s a rmg-hke appearance 
similar to that observed in the fresh unstained preparations In 
the control preparations of normal blood some of the coipuscles 
were concavo-convex instead of bi-concave, and the bowl-shaped 
corpuscles appear merely to represent an exaggeration of this form 
If normal blood be diluted with 0 9 per cent, sodium chloride 
solution, often many of the corpuscles become definitely bowl- 
shaped — at least temporarily 

The seal city of target corpuscles m wet unstained preparations 
makes it difficult to determine the three-dimensional form of such 
corpuscles, because it is only in wet pieparations that the cells can 
be set in motion and observed from all aspects In dried films 
they can only be observed from one aspect, which is not sufficient to 
enable their three-dimensional form to be ascertamed. If the 
bas-relief photograph of Haden and Evans (fig 3) is in fact of a 
fresh w et preparation, as it appears to be, it seems that corpuscles 
with the target appearance are sometimes abundant even m such 
preparations , but this lias not been my experience Occasionally 
I have seen definite target cells in wet unstained preparations of 
cells suspended in their own plasma, but such taiget corpuscles 
are usually so adherent to the shde that they remain still when 
most of the other corpuscles are set in motion by touching the 
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Flo 0 — Plasticine model ol bowl shaped coipubclc (a) the out no modd, (6) tho 
model biseated , (c) X-iay photograph of the eutne model 


Fig 7 — Plasticmo model of a target corpuscle as seen in oxpt III (a) the entiro 
model ; ( b ) the model bisected , (c) X-ray photograph of the entire model 


I 





611 


A SPECIAL FORM OF ERYTHROCYTE 


coverglass During attempts to obtam microscopic sections of 
target corpuscles, however, it was found that if the colls are not 
suspended in their own plasma but m fonnol saline solution, colls 
witn the target appearance may be seen floating free and their 
form can then be ascertained 


Experiment m 

Observations on corpuscles suspended m formol-sahne solution 

Another sample of the same blood that was used m espt II 
was mixed with about 20 times its volume of fonuol sahne solution 
(i per cent formaldehyde in 0 9 per cent NaCl solution) and 
allow ed to stand for several hours As much as possible of the 
supernatant fluid was then removed with a pipette TPet 
preparations of the deposit were made as in expt II except that 
fonnol sahne was used as the diluent instead of plasma Other 
preparations were made using a saturated solution of eosm in 
formol-sahne as the diluent m order to stain tho corpuscles There 
were frequent target corpuscles in these preparations Each time 
a target corpuscle was observed an attempt was made to set it in 
motion by touching the coverglass Frequently this attempt was 
unsuccessful, and it became dear that the target corpuscles were 
much more often adherent to tho slide than w ere the other corpuscles 
It was usually impossible to dislodge those corpuscles m which tho 
target appearance was most conspicuous, but others which 
undoubtedly had the target appearance, although the intermediate 
zone was not so pale ns usual, could frequently ho dislodged Many 
such corpuscles were observed from all aspects as they turned over 
and over, and in tins way it was possible to determine that their 
form was like that of the plastiome model shown in flgs 7 a and 7 b 
At first sight it may not be obvious why a transparent body of 
approximately tins shape Bhould have tho target appearance when 
viewed by transmitted light, hut on Xray photograph of the 
model (fig 7 c) closely resembles the appearance of a target corpuscle 

The results of expts II and III suggest that m fresh blood 
“ resistant ” corpuscles tend to be bowl shaped, and that in certain 
circumstances such as the preparation and drying of films and 
exposure to forrnol sahne the bowl shaped corpuscles acquire tho 
target appearance by changing their shape The exact sliapo of 
the folly developed target corpuscles could not bo determined 
because they were always adherent to tho shde, but the shape 
illustrated in figs 7 a and 7 b appears to bo a sub tormmal stage 
Corpuscles with this shape did have a definite target appearance 
and only differed from the target corpuscles seen m films in that 
their intermediate zone was less pale An attempt was made to 
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nhscm* the transformation of bowl-shaped corpuscles into target 
coipUM'ko by watching under the microscope freshly spread films 
while they dried. Thu. was unsuccessful, beeauso If the films were 
sufikumly thin foi the coipuscles to be separated, target colls 
were pit scut as soon as the films were examined, although the 
tdnis ncie still wet Thus no conclusive proof was obtained that 
the t ugtt corpuscles seen m dried films aie in fact derived fioni 
the bowl-shaped coipuscles ot fresh blood 

j,‘‘ d all dimensions in condition > in which target corpuscle# 

are abundant. 

A decrease in thickness appears to be the most constant 
ehaiactciistio of the red cell dimensions in these conditions. This 
thinness of the corpuscles is not infrequently suggested by their 
appeal ance m stained films They aie paler than the colour index 
would lead one to expect, and occasionally one finds a corpuscle 
which is olniously folded upon itself or which is completely 
penetrated hv one or moie small punched-out holes These latter 
ahnoimahtiea aie piesumably artefacts, but tlioy are suggestive 
nou i thelcas, as they would bo unlikely to occur unless the tells 
w ert thin In fresh pieparations it is possible to view the coipuscles 
fiom their sides; their tliinness can then usually bo recognised 
Tins thinness was a very noticeable ehaiactenstic in tho ficsh 
preparations of the isolated resistant cells of expt I 

There does not appear to be any completely satisfactoiy method 
of meusuting the mean coipusculai tluekncss It may be calculated 
from the mean corpuscular diamotci and the mean corpuscular 
volume, assuming the coipuscles to have tho foim of short cylmdeis , 
but the lesidt so obtained can only bo regarded as appioximate 
The impel feetions of tins method aie recognised by Price-Jones, 
Vaughan, and Goddard (1933), who nevertheless consider it to ho 
of some value aud who give tho results obtained in 100 normal 
individuals Table IV gives the results obtained, usiiig tho same 
technique as these authors, in 9 c.ises in which target corpuscles 
were a conspicuous feature of the blood film It will be seen that 
the values obtained for the mean corpuscular thickness are definitely 
luw. Although there are thiee cases in which the mean thickness 
is just within the statistical limits of normal given by Price-Jones, 
Vaughan and Goddard, in two of these cases the cells are abnoimally 
large in diameter: so that heiealso the shape of the cells appears 
to be altered — the thickness is diminished relative to the diameter, 
although absolutely it is withm normal limits. 

• on Itorus ntt>r>a) and JmgciLstu and Warburg (1927) ha\e 
d« . cv d methods which are intended to indicate the lelutive tfm km sa 
oi *!.'■ eorpiiMlis .is distinct from tluir absolute thickness The 
results not dm d In their methods are included m table IV In 


Taull IV 

Jhd cell dimensions t n nine cases in uluch target corpuscles t cere numerous 
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each case the calculation has been modified by substitutmg the 
nonnal mean values obtained by Price- Jones, Vaughan and Goddard, 
whose methods I used, for those given m the original descriptions, 
winch were based on different methods of measurement, von Boros 
found that in 22 normal individuals, his “ thickness-mdex ” varied 
fiom 1 03 down to 0 94 and he considers that lower values indicate 
that the cells are thinner oi flatter than normal In Jorgensen 
and Waibiug’s method the calculated mean diameter (based on 
the mean corpuscular volume, assuming the cells to be of normal 
shape) should be within 0*4 p of the measured mean diameter 
If it is smaller than the measured mean diameter by at least 0 4 p, 
then the cells are thinner than normal Table IV shows that, 
according to the methods both of von Boros and of Jorgenson and 
Waibuig, the cells are relatively thinnei than normal in 8 out of 
the 9 cases 

The conditions m which target corpuscles occui 

A fiuther study is being made concerning the conditions m 
which target coipuscles occur So far I have not found them m 
noimal mdividuals, but only 8 normals have been specially 
investigated By searching for target corpuscles as a routine m 
eveiy blood film examined I have found them m 97 cases, of which 
85 fall into one or more of the following groups . — 

(1) Jaundice (27 cases) 

(2) A “ hypochromic ” group consisting of cases m winch 

the colour index was not more than about 0 8 (45 cases) 

(3) Splenectomy (8 cases) 

(4) Steatorrhcea (9 cases) 

Discussion. 

Haden and Evans observed that target corpuscles were abundant 
m the blood films of patients with sickle-cell anaemia. They 
consideied such corpuscles to be characteristic of this type of 
anaemia and to be related to the abnormal tendency to haemolysis 
In the hght of the results of the present investigation it will be 
seen that their observation is susceptible of a different interpietation. 
Both patients described in their paper had pieviously undergone 
splenectomy, both had a hypochromic anaemia and both did m 
fact show increased resistance to hypotonic saline The absence of 
target corpuscles would therefore be more surprising than their 
piesence, and there is no reason to suppose that the form of these 
corpuscles has anything to do with the abnormal tendency to 
haemolysis in sickle-cell anaemia Presumably some of the other 
cases of sickle-cell anaemia in which Haden and Evans found target 
coipuscles had not undeigone splenectomy, but even so the presence 
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of target corpuscles is not surprising, because uu.ic.u,cd resistance 
to hypotonic salino appears to bo a common characteristic of sichlo- 
cell anaemia apart from splenectomy (Anderson and Ware, 1932 
Graham, 1932 , Daland and Worthloy, 1931-33) Hus may be" i 
result of the fibrosis and atrophy of the spleen a Inch numerous 
authors, inoluding Hadon and Evans, have described m tlm, di-easo, 
and winch would bo expected to hove results similar to those of 
splenectomy 

Tho apparently constant association of increased resist inco with 
tho target typo of corpusclo furnishes strong ovideneo that the 
resistance of tho corpuscles to hypotonic salnio is related to their 
morphology Tho association m acholuric j iimdiro of peculiarities 
in red cell morphology with mcroased fragility lnd preciously 
suggested such a rclationslup, but it has been impossible to pro\o 
conclusively that tlicso peculiarities nrc not independent character- 
istics of that one disease Abnormally resistant corpuscles how ev i r 
occur in conditions so diverso as olistructiv o jaundice, splenectomy , 
stcatonhoea, and any of tho various conditions uluch may be 
associated with a low colour index , m all these, target cells c in 
also bo found in the blood film Further, o\pt I presides duvet 
ovideneo that corpuscles of tho target ti pc are, m f let, more resistant 
than the remainder of tho corpuscles 

Next it is necessary to consider tho mechanism of this rel itioiiship 
Why do corpuscles of tho target type possess mereasid ic.istame 
and why is the increased fragility of acholuric jaundice as>oi inti <1 
with the presenca of the prculiarlv denso * micron tes " or 
“ sphorocytes ” 1 Tho most notable attempt to eoirehitc tin 
fragihty of erythrocytes with their shopo is tint of linden (1911) 
His theory is essentially mechanical it maiiitauis Ih it h emoljsH 
will bogm when tho passago of fluid into tho cell duo to osmosis 
creates a certain tension ui tho cell envelope ami that tlu> amount 
of fluid winch can pass in before this tension is created will depend 
upon tho original shapo of tho corpuscle To ovplaiit his theory 
it is helpful to compare corpuscles of different sb ipes with bladders 
filled to varying amounts with water A spherical cell will 
correspond to a bladder which is ilready completely full, so tint 
no more fluid can pass into it without mere isuig tho tension of the 
envelope At tho other extreme, a cell which Ins the form ot a 
thm disc will roi>rcscnt a bladder which is collapsed and almost 
empty as fluid passes into such v cell, it will gradu dl\ become 
distended, i c its diameter will dccreaso and its thickness mere isc 
and it will become more and more nearly spherical, but there will 
bo no appreciable mcrcaso in tho tension of tho cell envelope until 
tho spherical stago is reached According to this theory , therefore*, 
a spherical cell will ho less resistant to hypotonic saline than i 
flat cell, and m goner il tho thicker tho cell tho greater will he tho 
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fragility, the thinner the cell the greater tlie resistance. It rs 
necessary to emphasise that it rs not the absolute thickness but 
the thickness lelatrve to tlie sizo of the cell which should determuio 
the resistance A cell 5 /r in diameter and 1 fi tluclc should have 
the same resistance as one 10 /x m diameter and 2 [i thick, although, 
absolutely, one is twice as thick as the other 

The evidence in favour of this theory is considerable Haden 
found that nonnal human ted corpuscles did in fact become more 
and moie spherical when placed in increasingly hypotonic saline 
solutions and that the fragility m different species of mammals 
did appear to bo related to the shape of the corpuscles m accordance 
with the theory There seems to bo no doubt that in aeholmrc 
jaundice the corpuscles are thicker or more spherical than noimal 
(\on Boios 192(56, Xacgcli 1931 , Vaughan and Goddard, 1931 ; 
Vaughan, 1927) Further, Haden states that in obstructive 
jaundice, where the lesistanco is often much increased, the cells 
me* thinner oi flutter, than noimal Thus is suppoited by Jorgenson 
and Warbuig, who loviow the literature e oncoming the ebameter 
ot the ted eoipuselos m jauiuhce and add data of their own 

TJieie are some obseivations which appeal to be ebrectly opposed 
to liaden's tlieoiy, but none of them wio beyond eutieism on 
teehmcal giounds von Boio> (192116) used hi*» “ thickness index " 
a-> an nubeation of the form of the corpuscles and found no 
lolationslup between thus and the lesistanco , but as Joigensen 
and Warbuig point out, the calculation of von Boros’ '* thickness 
index " uivolves ceitam generalisations concerning the ratio of 
the ebameter of the corpuscles to their volume, which aie by no 
means certainly tiue The same applies to all observations winch 
involve the calculation of the mean corpuscular thickness on the 
assumption that the cells have the form of short cylinders 
Consequently, although Haden and Evans found in the two eases 
which they descube that the fragility was decreased but the 
coi pustular thickness and the thickness index weie normal, this is 
not conclusive evidence against Haden’s mechanical theory Even 
the luematocut method of dotennuung the mean corpusculai volume 
may not be tiustwoithy if tho coipnscles aio of (bffeiont. shapes, 
toi then it is possible that they w'dl pack chffeiently At present, 
thereloie no conclusive test of the aeciuacy of Haden’s theory is 
possible 

The results of the picseut investigation support Haden’s theory 
m its essentials Tlie corpusculai measurements recorded m 
table IV aie m agi cement with that theory, becauso those cases in 
which thcio w'oie numerous target coi])uscles also showed an 
increased peicentage of * lesistant ” corpuscles, and accoidmg to 
Haden’s theory the greater the resistance the flattei oi tluuner the 
coipuscle , so that m these cases wo should expect the mean 
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corpiwculoi thickness to be diminished, which m fact it; appeared 
to be Clearly, however, it can only be partially true that the 
thinner the corpusoles the greater the resistance, because tins takes 
no account of the target corpusoles Haden's theory cannot explain 
why many of the more resistant corpuscles should bo of the target 
typo . but it needs only slight modification in order to oxplain 
why target corpuscles have increased resistance Beduced to its 
essentials, the theory implies that the resistance of a corpuscle 
is normally determined by the magnitude of its surface as compared 
with its volume, le by the size of the cell envelope as compared 
with the size of the whole cell If the cell envelope is small as 
compared with the volume of the coll, as in a spherical cell, the 
resistance is decreased , but if the cell envelope (or surface) is 
relatively large, as in a flat cell, the resistance is increased. Now 
target corpuscles in dried films appear to ho derived from bowl- 
shaped corpuscles in fresh blood , and a bowl shaped corpuscle has 
a greater surfaco/volume ratio than a disc shaped corpuscle with tho 
same volume and diameter Tins becomes obvious if ono imagines 
an attempt to flatten out a howl shaped corpuscle so that it becomes 
disc-shaped clearly the cell envelope would he thrown into folds, 
showing it to bo huger tlian that of a disc shaped corpuscle Indeed, 
whatever may bo tho exact shape of tho targot corpuscles m 
stained films, it seems clear that owing to the undulations of their 
surface tho cell envelope must be relatively large in comparison 
with the volume Theoretically, therefore, tho resistance of tho 
target corpusoles should be increased , winch corresponds with 
tho observed facta 

The present investigation was not designed as a test of Haden’s 
theory of fragility, and the evidence whioh it affords in favour of 
that theory by no means amounts to proof Certainly many other 
factors besides osmotio distention must influence the luemolysis of 
red blood corpuscles (Mason and Boclrwood, 1924-25 , Wells, 1925) 
Nevertheless in the particular case of haunolysis due to hypotonic 
sodium chloride solution it still seems possible that osmotio distention 
may normally be the determining factor and that tho Tesistanco 
of a corpuscle may depend upon the ratio of tho area of tho coll 
envelope to the total volume of the cell , but until it is possiblo 
to measure the surface and volume of orythrooytes without making 
assumptions concerning their shape it will be difficult to test tlio 
acouraoy of this view 


Sumsuby 

1 A special morphological type of red corpuscle is described 
which is constantly associated with the presence in tho blood of 
an increased proportion of corpuscles resistant to 0 3 per cent 
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sodium chlonde solution Evidence is given that the corpuscles 
of this type themselves possess mcreased resistance to hypotonic 
saline 

2. In stamed dry films this type of corpuscle has a characteristic 
appearance to which I have applied the term “ target corpuscle ” 
in wet films, however, it is bowl-shaped In formaldehyde solution 
the target appearance is assumed, and it was thus possible to 
observe the actual shape of the target corpuscle The correctness 
of the conclusions regarding the actual shape of the cells in dry 
and Avet films is shown by X-ray photographs of plasticine models 

3 Evidence is given that m blood containing cells of this type 
the red corpuscles are abnormally thin 

4 The relationship between the morphology of erythrocytes 
and their resistance to hypotonic salt solution is discussed 

I wish to thank Professor H M Turnbull and DrP N Panton for much 
help and advice. Dr G Vilvandr6 for the X-ray photogiaphs and Mr John 
King for the microphotographs 
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INFLUENCE OF ASCORBIC ACID ON THE GROWTH 
AND TOXIN PRODUCTION OF GL. TETANI 
AND ON THE DETOXICATION OF TETANUS 
TOXIN 

I J Kligler, K Guggenheim and E M Warburg 

Department of Hygiene and Bader wlegy, Hebrew University, Jerusalem 

Regent studies in this department have shown that ascorbic acid 
(vitamin C) acts as a detoxicant of diphtheria toxin (Kligler, 193b , 
Kligler, Leibowitz and Berman, 1937) and of certain chemical 
poisons (KCN, phenol, Leibowitz and Guggenheim, unpublished 
observations), while its high reducing potency has enabled us to 
glow anaerobic bacteria (Of uelchu) under aerobic conditions 
(Kligler and Guggenheim, 1938) In the present piper wo present 
the results of experiments on tho influence of ascorbic acid on 
the growth and toxin production of Cl telani Tho procedure 
with regard to growth was essentially tho same as that used w lth 
Cl welchu, while that relating to dotoxication followed closely the 
technique used m the experiments with 0 diphtheria! The 
experiments were conducted chiefly with a typo II strain received 
from the National Collection of Type cultures Control experiments 
were also made with strains of typos I and III with the same results 

Effect of ascorbic acid on the groulli of Cl tetini in the 
presence of air 

These experiments were made in meat extract broth Just 
before inoculation, various amounts of ascorbic acid (Ccbion, 
Merck) were added to givo the concentrations shown in tublo I 
Each tube W03 inoculated with the same amount of material from 
tho supernatant fluid of a two-day culture grown 111 meat broth 
Tlio tubes were closed with cotton wool plugs and moubated at 
37° C 

It will be noted (table I) that 0 1 part per thousand is not 
sufficient to produce conditions favourable for growth On tho 
other hand uniformly good growth occurred in tubes containing 
0 26 parts per thousand or over In this respect the results 
correspond with those obtained with Cl wdehn Addition of 
ascorbio acid above the minimum required does not further improve 
growth 
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natant fluid was tested on mice of approximately 15 g weight 
These were injected subcutaneously in the right inguinal region 
with am ounts of a given dilution equivalent to 0 25 c c per 15 g 
weight and were examined daily for 5 days As far as possible 
we attempted to follow a constant and uniform procedure The 
same strain varied from time to time m the potency of the toxin 
produced Consequently each experiment had its own set of 
controls On the whole the results were uniform and the differences 
between the toxicity of cultures with and without ascorbic acid 
clear cut and significant 



Fxo 1 — Inhibition of toxin formation m cultures of Cl tetam m the presence of 
ascorbic acid (mcubation for 4 days at 37° C ) 


A summary of a number of experiments with 2 5 parts of 
vitamin per thousand parts of medium is given m table III The 
table brings out the variability m the toxicity of different cultures, 
but it shows clearly that the vitamin-containing cultures weie 
only one-fourth to one-tenth as toxic as the corresponding controls 
Further experiments showed that the degree of detoxication 
vanes with the concentration of the vitamin The results of a 
typical experiment are shown graphically m fig 1 It will be 
noted that the toxicity of the cultures decreases with an mcrease 
in the concentration of ascorbic acid 
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Fig. J — Effect of different quantities of ascorbic ucnl on the dctoxiuitiun of UtuniiH 
toxin. (Tnn<‘, 18 hour? ; temperature, 27* C ) 
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evident after incubation ibr 3 houw al 37“ C In the, respect the 
results correspond with those obtiuzed with unices (Kluler and 
Bernkopf, 1937) and dienucal poisons (Leiboutiz and Guggenheim 
unpublished obser\ ations) & * 


Vxbll IV 

Detoxicating effect of various concentrations of ascorbic acji 
on diluted toxin 
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Fate of ascorbic acid ill loan ulnmin inixlurn 

In ordor to obtaui further light on tin n it uro of the infer lUion 
between vitannn and to\m, wo examined in e leli experiment llm 
rate of disappearance of ascorbic arid in toxin broth in relation to 
its spontaneous disappearance in broth (figs I b) In fig 1 ate 
given rcsidts of experiments with two concentrations of \it limn 
2 5 and 0 0 mg per o c ) It is noteworthy that tin loss of vit mini 
in toxin broth and ordinary broth follows u piralM eoiir-w but is 
always greater in tho toxin broth Iigs 5 and 0 give tin results 
of oxpomnents on relative loss when difiorent coiucntritions of 
vitamin are used Tho differences between rite of duJippi irune 
of vitamin in toxui and ordmarj broth are more striking tho 1 rrger 
the concentration of Yitamm I>ig 5 gives the amount of v it umn 
found after 48 hours at 37“ C , and hg 0 tho ibficrcui cs between 
the amount lost in toxm and m plam broth, also after 13 hours at 
37“ 0 It should bo noted tleat tlio degree of detoxic mon follow* 
the some general trend, m other words tint there is i ivli'ion 
between tho amount of vitamui lost and tho degru of thtoxii etiou 
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6 Hours 24 48 12 


Flo l — Disappearance of ascorbic ucul in toxin and in ordinary broth. 



iv*j asYoo S' loo (0? co 
Ascorbic acid added 


in. "» — Dt-appearuiuu of ascorbic acid in toxin broth and ordinary broth aft' r 

13 hours at 37 s C. 
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Discussion 

Tho studies on the effect of ascorbic acid on diphtheria toxin 
and on viruses have raised the question as to the nature of the 
interaction The results showed that there ins a more rapid loss 
of ascorbic acid as a result of the reaction with toxm than in 
corresponding control fluids Pursuing these studies in the chemical 
field in this laboratory, Leibowitz and Guggenheim (unpublished 
observations) have been able to show that this vitamui also 
detoxicates KCN and phenol and, by cryoscopic methods, that tho 
ascorbic acid actually combines with these substances 

The experiments reported above carry these studies a step 
further We have shown that ascorbic acid detoxicates tetanus 
toxm in much the same way as it does diphtheria toxin Tho 
parallelism between the action of the vitamin on the two types of 
toxm is very close In both cases it acts in tho growing culture 
during toxm formation as well as on filtered toxm and the degreo 
of neutralisation is a funotion of tune and of the concentration of 
vitamin In the ease of tetanus toxm we have also found that tho 
reaction is affected by temperature 

It should be noted that Schulze and Heolit (1937) have recently 
reported data suggesting a weakening of tetanus toxm by ascorbic 
acid, although their results were not definite because of tho short 
incubation period used (90 minutes) Of interest also is tho report 
by Harde and Benjamin (1931-35) that there was a reduction m 
ascorbic aoid in the adrenals of gumea-pig treated with tetanus 
toxm — a finding analogous to our own in the caso of diphtheria 
toxin 

It seems, then, that detoxication is a general property of 
ascorbic acid and that this role is performed m tho body w tho 
same manner a 3 m vitro What is the nature of tins interaction 1 
All experiments show that simultaneously with tho detoxication 
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of the toxin or chemical poison there is a loss of vitamin winch is 
in a general way proportional to the degree of detoxication and 
always more rapid than the spontaneous oxidative loss in 
corresponding control solutions 

That oxidation is an essential part of the reaction is proved 
hy the following experiment Two sets of tubes containing toxin 
and vitamin were prepared In one of the sets the an* was removed 
by suction and the residual 0 a absorbed by pyrogalhc acid and 
sodium hydi oxide Both sets of tubes, as well as the toxin controls 
(without vitamin), were incubated for 48 hours at 37° C and 
appropriate dilutions injected into mice. The results (table V) 
show that in the 0 2 -free tubes there is neither loss of ascorbic acid 
nor reduction m the potency of the tetanus toxin Oxygen and 
the oxidation of ascorbic acid are, therefore, essential to the 
detoxication of the toxin 

Table V. 


Effect of ascorbic acid on tetanus toxin m the presence and in 
the absence of oxygen 


Content of tube 

MLD (oc per 15s) 

Loss of ascorbic acid 

In presence 
of air 

Without 

air 

With air 

Without air 

Amount 
(mg per c c ) 

Per 

cent 

Amount 
(mg per c c ) 

Per 

cent 

Toxin 

1 

8,000 

i 

8,000 





Toxin + ascorbic acid {2 5 

1 

1 

1>75 



0 

parts per thousand) 

1,000 

8,000 



Toxin + ascorbic acid (5 

1 

1 



■ ;VV. 


parts per thousand) 

500 

8,000 

2 5 

ISSIM 


2 0 

Broth + ascorbic acid (2 5 



1 25 



0 

parts per thousand) 




Bill 



Broth + ascorbic acid (5 



2 0 



20 

parts per thousand) 




m 

PpUB 



Our assumption is that the ascorbic acid actually combines 
with the toxin or poison and that the oxidation of tins compound 
pioceeds at a more rapid rate than that of ascorbic acid alone. 
This assumption harmonises with the facts thus far adduced The 
significant point, however, is that ascorbic acid acts as a general 
detoxicant The assumption that it serves that function also in 
the body explains the rapid and often extreme loss of this vitamin 
in gumea-pigs treated with diphtheria toxin and, as Harde and 
Benjamin have shown, also with tetanus toxin It may well be 
that this vitamin also performs this function with regard to toxic 
metabolic by-products, as is indicated by its action on phenol. 
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Summary 

It is possible to grow Cl telani under aorobio conditions in broth 
contammg a small amount of ascorbic acid The amount of ascorbic 
acid required vanes, within limits, according to the concentration 
of peptone Even if largo amounts of peptone are added no growth 
occurs unless a minimum of 0 05 parts per thousand of ascorbic 
acid are added 

Ascorbic acid added to growing cultures of Cl telani reduces 
their toxicity in proportion to the amount added 

Ascorbio acid added to filtered tetanus toxin causes detoxication, 
tho degree of detoxication varying with the temperature, concentra- 
tion of vitamin and time 

Ascorbic acid disappears more rapidly m toxin broth than m 
ordinary broth 

On tho basis of work in our laboratory with KCN, phenol, toxins 
and viruses it is suggested that detoxication is a major function 
of ascorbio acid and that it is brought about first b) a direct 
combination of the vitamin with the toxm, virus or poison, followed 
by the oxidation of the new compound which destroys both toxm 
and vitamin Detoxication m tho test-tube occurs only in tho 
presence of air 
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THE INCIDENCE OF IEPTOSPIRAL INFECTION IN 
RATS IN LIVERPOOL 

W N M Maso* 

Department of Bacteriology, University of Liverpool 

With tho object of determining tlio quantity and distribution of leptospiral 
infection present in Li\erpool an examination has been made of 230 adult 
rats ( Ratlu3 norvcgxcus) caught in different parts of tho city Tho method 
of examination was to remove tho rat’s kidneys as asopticnUj os possible, 
decapsuiato them and girnd them up with about 20 g of stenle »und uul 
10 c c of stenle normal sahno and examine tlio resulting emulsion for 
leptospmo by dark ground illumination It wot, found that the organisms 
may be seen much more easily if the tissue emulsion is first centrifuged ut 
2GG0 rpm for 5 minutes Tins deposits the larger particles leaxmg tho 
leptospicoL and smaller particles in tho supernatant fluid When hptospir o 
uero seen 2cc of tho emulsion were moculated mtrapentoneall} into a 
young wiuto guinea pig Leptospira. were seen microscopical!} m 83 
bU sponsions (33 2 per cent ) and 83 guinea pig« wuo inoculated Of thCMi 
52 cited between the Gth and the 14th daj after inoculation all showing 
tho typical postmortem picture of infection with L ntcrohamorrhuguc 
making cultures from heart blood m a medium contamuig 0 1 per cent 
peptone 0 I per cent NaCl and 10 per cent rabbit serum 36 strums were 
isolated Winn examined serologically by Schuffnori* (1034 33) technique 
these strains wore found to bo a aerologically homogeneous group idi ntual 
with tho Wijnborg strain of L icterohccmorrhagicc 

The survival of guinea pigs after inoculation toit/i rat Kidney 
emulsions containing Icptospiree 

In, tile senes of 83 inoculations* with material contauung leptoqni l 
51 animals died of Wed’s di&ease and 32 survived Other worl on* liav »> had 
similar experience Buchanan (1927) m 01 inoculations had 13 survivors 
and Langworthy and ftlooro (1927) observed 9 failures to infect in 22 L\jx.n 
ments Taylor and Goyle (1931) faded to infect several guuien pigs with 
material from undoubted eases of Wed’s disease and suggested that onl> 
young guinea pigs should bo used as older animals might oceasionulh liavo 
some immunity to infection with leptospiru In the present •'Mu*, only 
young animals have been used but the some plienomtnon lias been im.1 
with The results might be explained m a number of wavs and four 
possibihtios have boon considered 

(а) The leptospino in the kidney emulsions were not L wferoAcuttOirfiogivc 

(б) Tlio Ioptospir© wore L icterohocmorrhagux but tho dose givcu to tlio 
guinea pig was insufficient to produce infection 

(c) Certain guinea-pigs are unmimo to infection with L icierohtctnorrhagm 

(d) In the inoculum of 2 cc of kidney emulsion thoro wtn. suflicit nt 
antibodies derived from the rat to protect the guinva pig from fatal mfection 

(o) It la known that saprophytic leptospira. exist widely in unturo and 
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are indistinguishable morphologically from L iclerohcemorrhagiae These 
organisms, however, do not persist m the animal body but are soon destroyed. 
Fui thermore the sera of all surviving guinea-pigs were tested for antibodies 
against a saprophytic strain of L biflexa isolated from Liverpool tap water 
with completely negative results This evidence is not conclusive as we 
have some facts which suggest that there are local serological varieties of 
L biflexa When tested against L icterohcemorrhagicB 14 sera out of 32 
agglutinated this organism to titres ranging from 1 30 to 1 300. This 
fact we regard as evidence that certain of the suivivors had been inoculated 
with L ictei ohcemorrhagice, particularly as we have failed to find such antibodies 
m noimal guinea-pigs 

(6) The fact that some of the animals develop immune bodies might 
suggest that the inoculum did not contain sufficient organisms to produce 
death, but only enough to cause a mild infection with recovery A rough 
record was kept of the numbers of leptospme seen in the kidney emulsions 
and these and the results of the inoculations are shown m table I 


Table I 

Relation of numbets of leptospirce m suspension to mfectivity 


Xurnbcr of leptospinc In 

Xumber of 
guinea-pigs 
inoculated 

Results of inoculation 

Percentage 

inoculum 

Died 

Survived 

mortality 

Very numcious 

3 

3 

0 

100 0 

Numerous 

46 

26 

20 

56 5 

Few 

13 

8 

5 

61 6 

Scanty 

9 

7 

2 

• 77 8 

Very scanty 

4 

1 

3 

25 0 

Xon-motile oigamsins 
only 

8 

6 

2 

75 0 


The three inocula which contained a great number of leptospirae produced 
fatal results in each case In the lemaming 80 inoculations the percentage 
of deaths is not very regularly related to the number of organisms seen, 
and it does not seem feasible to explain the results on this basis unless there 
is comsideiable variation in virulence 

(c) As already stated Taylor and Goyle believed old guinea-pigs to have 
some immunity to infection with pathogenic leptospirae I have described 
a natiually occurring infection with L tcterohcemoi rliagice m a guinea-pig 
(Mason, 1937) and pointed out that immunity might be produced by a slight 
natural infection I have since examined 56 mature guinea-pigs for the 
presence of immune bodies to L icter ohcemorrhagice and have failed to find 
any It is theicfoie unlikely that such a large proportion as 32 out of 83 
guinea-pigs would be naturally immune 

(d) The presence of a protective substance m the emulsions would explain 
perfectly the survival of certain animals Two c c is a large bulk of tissue 
emulsion compared with the number of leptospirae therein contained The 
quantity of immune body would naturally vary with the amount of tissue 
and blood in the emulsion and the titre of the serum To demonstrate the 
pn.sence of immune bodies two rat-kidney emulsions containing leptospirae 
were rapidly filtered through Pasteur-Chambeiland L 3 filters The filtrates 
were found to ngglutinato L icterohcemorrhagice Two c c. of each filtrate 
and 2 c c of saline weic each mixed with 0 1 c c of a virulent culture of 
L. iclerohamorrhague Each mixture was then inoculated mtraperitoneally 
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urto a guinea pig The animal which recen ed the vmtfeni culture in saline 
died on tho Sth day with typical signs of VVml’s disease, while the others 
remained well It a) clear that in those particular omulsiona there wero 
sufficient protective substances to protect guinea pigs against an infective 
dose of virulent lepto^pirr 

It feeenis justifiable to conclude that tho JeptoMpiric seen in suspensions 
wore really L icterojuzmorrhagtas and that tho mcidenco of this infection 
in tho Liverpool rat» examined was at least 33 2 per cent , tho negative 
ammol experiments being due in large part to simultaneous inoculation of 
protective substances Tho real mcidenco may well bo higher, as no 
inoculations -were math with suspensions in which leptospiraj could not 
be seen 

Considering only those cases m which tho microscopic findings were 
confirmed by animal inoculation tho distribution of tho infected rats according 
to source is recorded m tablo II 


Tablh H 


Frequency of Icptosjnral infection m rale from different source s 


bourcc 

Number 
rat mint'd 

Infected 

Number 

1 cr cent 

Sow cr». 

180 

57 

31 7 

Private houses 

39 

c 

13 4 

Docks 

*>2 

9 

90 

Public places and gardens 

» 

° 

0 


Tho difll renct in mcidenco between houso rats and sower rats w not 
certainly significant approximately 2^ and all that these figures show 

is that tho infection u* not confined to sewei rats Tho infected rats carao 
from all parts of tho city and showed no tendency to predominate m any 
particular locality 


Sub infections with L icterolioemorrhague 
Alston and Brown (1933) examined tho seen of 45 sower workers who 
liad no recollection of ever having been jaundiced In 9 cases antibodies 
to L iclerohcemorrhagKB were demonstrated to titros ranging from 1 30 to 
1 100 and these sera wore shown to protect guinea pigs from fatal infections 
with virulent L icierofuemorrhaguz Davidson and Smith (1936) examined 
the sera of 210 flbhworkers , of 17 giving a history of jaundice 15 wore shown 
to have immune bodies to titres between 1 30 and 1 1000 In 36 of tho 
remaining 193, imrauno bodies wore demonstrated to titres botween l 30 
and 1 300 In Liverpool only 3 casos of Ieptospiral infection have been 
diagnosed in tho post 5 years but it appeared worth wlulo to look for evidence 
of sub infection m a staff of rat catchers permanently employed m work 
whore infection with L tclerohcemorrhagieo should be frequent Tho sera 
of U of theso men, none of whom recollected having been jaundiced were 
examined by Schufihor’s technique Six sera agglutinated h ictcro 
luemorrhaguB to titres varying from 1 30 to 1 300 Protection tots wt re 
also done in which guinea pigs wero inoculated subcutaneously m tho limit 
leg with 0 5 c c of serum from a rat catcher after which they were given 
0 2 cc of a virulent culture of L tctcrohccinorrhagun intraperitontally 
The five animals which recoivod the sera m which no urnnuno bodies had 
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been detected by the agglutination test all died between the 7th and 9th days 
after inoculation Five animals leceivmg sera with an agglutination titre 
between 1 100 and 1 300 all survived One guinea-pig receiving serum 
with a titre of 1 30 developed jaundice on the 10th day but recovered 
It is therefore most probable that six of these eleven men had suffered a 
sub- inf ection with L icierohcemorrliagice with the production of immunity 

Summary 

1 In a senes of 250 rats leptospirsa have been demonstrated micro- 
scopically m kidney suspensions m 83 (33 2 per cent ) and by animal 
inoculation in 65 (26 per cent ). 

2 The survival of guinea-pigs after inoculation with material from rats 
seen to contain leptospirae appears to be dependent on the presence of 
protective substances in the suspension 

3 Of 11 sera obtamed from men employed as rat-catchers 6 contained 
antibodies to L icterolicenwrrhagice 
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: 576 851 . 5 (Bac. prodigiosus) 

THE EFFECT OF VARIOUS MEAT EXTRACTS ON PIGMENT 

PRODUCTION 

BY 

B. PRODIGIOSUS 


N E Goldsworthy and J L Still 
Departments of Bacteriology and Physiology, University of Sydney 

In a previous communication to this Journal (Goldsworthy and Still, 
1936) attention was drawn to ceitain conditions conducive to pigment 
production by B prodigiosus on solid media These conditions were the 
absence of meat extract (ox heart) and glucose, the presence of one of 
several other carbohydrates and incubation at low tempeiatures It was 
concluded that the use of mannitol peptone agar and incubation at 14-18° C 
afforded the most satisfactory conditions for pigment production 

In this note we record some subsequent observations on the effects of 
different meat extracts The two strains of B prodigiosus used in the 
earlier investigation were agam used These strains, aftei cultivation for 
several months under the conditions favourable to pigment production, 
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had been Moved on coohod moat medium under liquid paraffin at 4° C for 
about 10 months 

Tho media were prepared from simple peptono agar with and without 
fclio various meat extracts and were used either unaltered or with added 
glucose or mannitol Tho experiments were corned out at 37° and 14 18° C 
iuid readings wore mado at intervals up to 5 days The results aro summarised 
in tho tablo 

Taule 


Effect of vai ioii8 meal extracts on the production of pigment by B prodigiosus 
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At 14 18° C , tho addition of extract of ox heart, beef, \eal or horao 
flesh to mamutol peptono agar inhibited pigment production by strum V 
complctch With strain 1377 tlie uUnbitton was loss und depended upon 
tho nature of tho extract The inlubltory effect of these extracts was slightly 
more apparent at 37° C When Lab Utoco was ndded to tho rat ilia lit 
place of meat extract, pigment production by strain 1377 was not inhibited 
at 14 18’ C , either in tin. presence oi in the ubscnco of added carbohydrates 
With Strain V there was no inhibition hi mannitol piptono agar and only 
slight inhibition in glucose agar Thus Lob Lenico 'litters from tho other 
meat extracts in tliat, m tin concentration used it caused little or no 
inhibition of pigment production by B prod, g, asm on tho tlireo peptono 


astor mediu tested ... , . , 

It ia also shown in tho table that strain % did not produce pigmmt at 
37" C , and strain 1377 produced little 1 hi" absence of pigment production 
at 37’ C agrees with tho published results of other woikcr. and of ouna' via 
How eve i both organisms in tin first subculture from the storage niiduun 
exhibited excellent pigment production at tlm temperature on certain o 
the media which did not contain extract of iitlar ox heart beef v.ul or 

llOI Tlio mhibitory effect of gluco-o previously re ported was rather irregular 
m this hcnes of experiments 


Sumiivtry 

Extracts of ox heart, beef, veal and horee flesh mlubit the VroducUon or 
pigment by B pmhgwsus on an otherwise veiy satisfactory solid lureliuro 
L vb Leraco h is httle or no such effect 


OoiraavvoaTirt, N E , and 


reference 

Stkx, J L 1930 tins Journal, xlm 555 
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BOOKS RECEIVED 


The postmortem examination. 

By Sidney F.vrber Springfield, HI., and Baltimore, JId. , 
C. C Thomas. 1037. Pp xu and 201 , fiontispieco and 32 text figs 
10s. 

Tins book was written “ in response to a need made evident in tho 
teachmg of medical students, young pathologists, and clinical house- 
officers who are able to spend but a short timo m the laboratoiy before 
assuming ward duties ” It may bo commended as a vory full and 
careful account not only of tho actual method of examining tho dead 
body but also of the equipment of the post-moitem room It is certainly, 
a book for tho pathologist but wo doubt whether students, who liavo 
more than enough to read as it is, would not do bettor to stick to practical 
m-truction so far as autopsy technique is concerned 

The equipment of the post-mortem room is very completely detailed, 
oven to tho provision of “ a suitable wall mscuption, very often m 
Latin (for example, Morlui vivoa docent) ” An olaborate and obviously 
expensive post-mortem table is described, including a ventilating duct 
in the hollow base, connected with a fan in the roof of the building to 
cany off tho odours Yet it is suggested (presumably as a measure 
of economy) that in the refrigerator where the bodies are stored the 
upper compartments may be used for the storage of culturo media 1 

To some of the procedures recommended strong objection must 
be offered. It is advised that the duodenum be opened m the midline, 
either m situ (p. 74) or after removal from the body along with tho 
stomach, liver and pancreas (p 125) An entorotome is then inserted 
through this openmg and a midline longitudinal cut made in tho anterior 
wall as far as the pylorus, after winch tho incision is continued along 
tho greater curvature of the stomach Such a proceeding will almost 
certainly cut through an anterior-wall duodenal ulcer oi scar if such 
be present (and duodenal scars are not always easily demonstrable, even 
if undamaged, noi are they always visible from the serosal aspect). 
Tho only way to open tho first part of the duodenum is along the lesser 
curvaturo, te in lino with the greater curvature of the stomach. By 
this means nearly all ulcers and scars of the duodenum will be avoided . 
only largo ulcers of the posterior wall which have transgressed tho 
lesser curvatuio of the duodenum run any risk of damago Here as 
elsewhere in tho book, tho impression is left that tho author is more 
at homo in the infantile than m the adult body 

It is suggested (p. 70) that “ A long flat book incision ” should bo 
made through the middle of the liver from left to right, in order to 
facilitate handling during removal. It is advised (p. 43) that “ Tho 
cut surfaces of tho organs should not be washed with water, lest they bo 
spoiled thereby for successful histologic preparations,” yet they are to 
be cleaned “ by gentle strokes of the kmfo edge ”, or “ the surfaces . 
may bo washed slightly with normal saline " Ceitamly m special 
instances the use of water may bo objectionable, but for most organs 
it is perfectly feasible to tako tho tissuo required for histology from 
some other part than the surface which has been washed Even wash- 
ing with watei, if it is only momentary, does little harm. 

IVe cordially agree with tho author that scrubbing brushes (for 
toilet purposes) should not be permitted m the post-mortem room, but 
to rinse tho hands and arms in 70 per cent alcohol (after having washed 
them “ with running water and liqmd soap for five minutes ”) seems 
an unnecessary extravagance. 
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A Festschrift to Sir John M’Fadyean, being the jubtleo number (vol L, 
part 4) of the Journal of Comparative Pathology and Therapeutic*, 
December 1937. 

Croydon If. R Giubb, Ltd Pp. vi and 230 , with numerous portraits 
7-5. (id 

“When a man ha* . rendered what . . is clearly penciled 

to be a signal service through his own efforts and mifciatn e, to tlw 
lasting good of his follow men, it would seem that nothing should deter 
giving expression on fit and proper occasion witlun his lifetime to the 
natural, human response of gratitude Such occasion, it was felt, 
had arisen at tho conclusion of the 50tli volumo of the Journal of Com- 
parative Pathology and Thaapcutics, which had been founded in 18SS 
as a puvate enteipriso by Sir John M’Fadyean, and has since beta 
edited by him almost entirely single-handed ” On this occasion, tho 
editor consented to tho request of his colleagues that they be given a 
free hand m the production of the final number of tho 50th volume 
and tho result 13 the very remarkable tribute to a great pioneer which 
is now before us Thcio aro appreciations of tho man and Ins work 
from a largo group of friends and admirers, including Sir Robert Muir, 
Sir John Ledingliam, Professor Share Jones and Professor Wooldridge 
in this country, and Professors von Ootertug, Sclimaltz, and Loclamcho 
and Dr John R Moliler abroad A seuca of special articles deals with 
(1) the journal, (2) tho man, (3) his, disciples and (4) Sir John ns a speuker 
m council and debate. Dr R E Glover of tho National Institute for 
Medical Research contributes a survey of Su John M’Fadyean’s con- 
tributions to tho study of tuberculosis, Mr W. A. Pool a note on lin 
work on “ Louping-ill ” and Dr D S. Rabagliati an account of “ Prcoent- 
day administration of the milk and dairies legislation as influenced 
by the woik and teach mgs of Sir Jolin M’Fadyean ” Thoio are nuiueiou, 
original contributions ou vctei inary medicine and pathology , many of 
them from distant parts of tho Empire Selected passages from the 
writ mgs of the mnstci are interspersed and finally there is a full biblio- 
graphy of Sir John’s contributions to his own journal, and a list of las 
cluef contributions to tho Journal of the Royal Agricidlural Society of 
England. A very attractive feature is tho excellent series of portraits, 
including four ot Sir John himself at various ages, and otlu rs of the 
contributors of the* principal “ appreciations ” 

A gnat man worthily honoured 


Modi cal bacteriology doacnptivo and applied, including elementary 
helminthology. 

By I. E. If Wmruv. 'I bird edition London* J. Ac A Churchill. 
lOJis Pp ix and 372 ; 71 text figs 1 Is t>d 

'lho pnvioiis edition of this book has uh< tidy bun reviewed in this 
Journal (1031, xxxix 3-15} It is unneci s-oiry, tin re fore, to runpuuluto 
tl e mam outline of tho book und to indicate* again the Letter and 1 he It -> 
'.ui-ftit lory ft.ituris which liave* ulnadv be* it thstu -cd Oni or two 
ot th- * rroi s pointed out m that revi«*v liavo Imn toiretud. 'Lin- 
state.n* nt that boil* d blood ogar tan bo u ad as a *-atiif«ctor> sub-tituto 
for Boplct G> n^ou »n dium m the isolation of D /« rt’otu / still st md , 
In ;l,.ia* m,i t.mnl«.r(#foth< r instant, s, tint anther leave, the i*nj>r» < nun 
of 1 wi. of r-otial expcmine of the* stjbjiet cIhu,*,!, i <j tin le i, no 
.Ut.i'ijt to de -tribe tl.,* * xi r< mely eh tract, ristie loluitv of ft p< nu-oi 
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